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PREFACE. 



But little more than half a century has elapsed 
since Geology began to assume the character of a 
science, through the labours and observations of 
Werner, a Professor of Mineralogy at Freiberg, 
in Saxony, who was the first to attempt to trace 
the order of the superposition of rocks, and to 
classify them imder different names, expressive of 
their character and position in the general scale. 
His observations, however, being confined to a 
limited portion of Germany, led him to adopt 
some erroneous opinions and theories with regard 
to the nature and production of trap rocks, which 
gave rise to long-continued and intemperate dis- 
cussions between the disciples of the rival schools 
of Werner and Hutton, or, as they were called, 
the Neptunists and the Flutonists; the former 
maintaining that all the rocks, the trap included, 
were deposited from water, and the latter con- 



IV PREFACE. 

tending that granite and the trap rocks were of 
igneous origin. For some time, therefore, Geology 
was regarded by most, even of the learned, as a 
science rather calculated to amuse speculative minds 
than to render any valuable service to mankind ; 
while others, as in the days of Galileo with regard 
to Astronomy, assailed the geologists with the 
charge of presumption, and represented their dis- 
coveries as having a tendency to injure the cause 
of religion, by undermining the authority of the 
sacred writings. The more extended researches 
which the above rival opinions served to stimulate, 
not only corrected the errors of Werner, and set 
at rest the questions so long and fiercely agitated 
between rival geologists, but opened up such ex- 
tensive views of beneficent design in the structure 
of the earth, as silenced all plausible objection to 
a more enlightened interpretation of the sacred 
records, in respect to the great work of creation ; 
while the knowledge so obtained was productive 
of many and great advantages, by the light it 
threw upon agriculture, mining, and other econo- 
mical arts which have most influence upon the 
welfare of mankind. The latter consideration ren- 
ders the diffusion of a knowledge of Geology an 
almost indispensable ingredient in the education 
of youth, which it is the object of the present little 
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work to promote, and in which it has been at- 
tempted to embody the rudiments at least of the 
science, and as much of the details of British 
Geology as will, perhaps, be thought sufficient for 
the information of the generality of readers, and 
for laying the foundation of a more profound 
knowledge of the subject in minds disposed to 
more extensive acquirement. 

In offering this brief compendium to the public, 
the writer, though for many years an attentive 
observer of the phenomena of Geology in most 
parts of the kingdom, freely acknowledges his 
obligations to the works of several of our most 
able geologists, whose united labours have done 
so much honour to British science in this yet new 
path of inquiry. 

The small geological map at the commencement 
of the book is given for the purpose of affording 
the beginner greater facility in obtaining a correct 
general idea of the arrangement of the strata; 
but for a more particular and exact delineation, 
he is referred to the Geological Map of the United 
Kingdom, by Professor Phillips, published by the 
Committee at so moderate a price as to place it 
within the reach of every person desirous of 
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obtaining geological information. The engravings 
of fossils have, for greater convenience, been placed 
together at the end ^pf ;the; book^ with the sec- 
tional Map of the Strata. In the Glossary will be 
founds not only an expl^anation of terms, but a 
description and aifalysis of;, many of the principal 
minerals. . ' ': 
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CHAPTER I. 

Design of the Work— Uses of the study of Geology— Importance and fkvour- 
able character of the Geological Features of England — Rapid progress of 
the science in England — Eminent English Geologists — Beneficial prac- 
tical advantages in the operations of Mining derived from these dis- 
coveries — Sublime character of the subject — Divine Prescience manifested 
in Geological Phenomena, and their adaptation to beneficent purposes- 
Compatibility of Geological Discovery with the Inspired Writings main- 
tained by Archbishop Sumner — Instrumentality of the human mind in 
the progressive revelation of the works of Creation— Magnificent spec- 
tacle exhibited by the present surface of the earth, and the changes it has 
undergone at very remote periods, as indicated by Fossil Remains — 
Universality of those changes— Formation or deposition of the Strata 
beneath the Waters, and their subsequent elevation— Igneous or Unstra- 
tified Rocks, and their Instrumentality in elevating those which are 
stratified — Enormous force of these upward movements — Modem 
instances of elevation of Land on the Coast of Chili and the Banks of 
the Indus — Action of Volcanoes, and the nature of their Products — 
Effect of the molten matter of Igneous Rocks in elevating the Strata 
exhibited. 

Geology, or, as the word implies, a discourse of 
the earth, in the widest sense of the term, would 
include a description of all the vast masses which 
compose the entire surface of the globe, as ex- 
hibited to our view in the distribution of oceans, 
seas, and lakes, continents and islands ; the moun- 
tains, rocks, hills, and valleys, which diversify its 
surface; the materials of which they are com- 
posed ; the natural or secondary causes by which 
they have assumed their present form and ar- 
rangement, and the changes which they are now 
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undergoing. It is not, however, intended in this 
little work to embrace so wide a field ; but, after 
some general, and, as we conceive, needful expla- 
natory observations on the principal phenomena of 
geology, rather to confine our views to the rocks 
and strata of England, with some notice of those of 
Scotland and Ireland; where the subjects treated 
of are more within the reach of observation, 
and the study of them calculated to interest the 
generality of English readers, and to lead to more 
practical and useful results. Occasional notice, 
however, will be taken of relative or correspond- 
ing features and phenomena of other countries, 
wherever such notice may be deemed expedient 
or useful in illustration of the main subject, or 
any of its particular parts. 

it is almost needless to insist upon the benefits 
to be derived from a knowledge of geology to 
mankind. It enables us to understand the cause 
of the great diversity of soils which the surface 
of the earth presents ; the fertility of some, the 
barrenness of others, and the means which nature 
places at our disposal for their improvement; 
while it facilitates the search for water- springs, 
and the drainage of land : it teaches us where to 
look for the depositions of mineral wealth with 
the greater probability of finding them ; the 
situation, particularly, of workable and profitable 
coal beds, of rock-salt, and brine springs ; of the 
strata which afford lime and the various and most 
valuable building stones, cements, brick and pot- 
ters' clay, with other earthy materials used in the 
arts ; the rocks which yield iron, copper, tin, lead, 
zinc, and manganese ; all of which abound in our 
i^land^ and, by the genius and industry of its in- 
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habitants, have been the means of raising it to its 
present preeminence of wealth and power among 
the nations of the earth. 

England presents great advantages for the study 
of geology, as perhaps there is no country upon 
the face of the earth which affords, in an equal 
space, so great a number and so regular a se- 
quence of strata of all ages, and so many well 
marked diversities of character ; and it is perhaps 
partly owing to this circumstance, that our 
countrymen have made a more rapid progress in 
the science, and enriched it with larger contri- 
butions, than the people of any of the continental 
nations. Though the English philosophers were, 
indeed, not the first to take the field in the pro- 
secution of this most interesting and important 
science, yet they have followed it up with un- 
rivalled spirit and energy ; and within little more 
than half a century, the subject has been illus- 
trated by the genius and labours of many eminent 
geologists, of whom we may be justly proud when 
we can number amongst them, Hutton, Playfair, 
Smith, Sedgwick, Buckland, Conybeare, William 
Phillips, Lyell, Murchison, Macculloch, Mantell, 
John Phillips, Ansted, and many others, whose 
talents have enlarged the bounds of human know- 
ledge in a new path of discovery, which approaches 
astronomy in the sublimity and interest of its 
objects, and is calculated to produce a more im- 
mediate and greater effect upon the welfare of 
mankind. One of the great benefits which have 
already attended the researches of geologists, and 
to which allusion has been made above, is the 
prevention of fruitless attempts in search of coal; 
for before they had ascertained the true position 
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amongst the strata of workable and profitable beds 
of this valuable material, large sums were spent in 
various parts of the kingdom, in localities where 
there was no chance of finding it. Practical 
miners, misled by what they considered as indica- 
tions of coal, induced adventurers to sink a great 
amount of capital in the vain endeavour to find it ; 
of which a remarkable instance occurred at Black- 
heath, where an enormous expense was incurred ; 
a situation now known not to afford the slightest 
rational hope of success. Available beds of coal 
are now ascertained to be associated with certain 
well-known rocks (in England), and any search for 
it in situations remote from these, is sure to end 
in disappointment. As our knowledge of geology 
extends and becomes more generally diffused, there 
can be no doubt that greater certainty will attend 
all the operations of mining, as well for coals as 
other minerals, as the miner will be directed to 
their particular localities by more trustworthy 
guides and less fallible inductions. 

Every step we make in this new path of dis- 
covery, opens more extended views and produces 
more exalted conceptions of the power, wisdom, 
and prescience of the great Author of nature, 
whether we consider the magnificence of the ob- 
jects presented to the mind, or their admirable 
arrangement for beneficent and often very remote 
consequences. Astronomy presents us with ob- 
jects upon so vast a scale, as to exceed our utmost 
powers of comprehension, and in contemplating 
them, the mind sinks under the oppression of 
*^ thoughts beyond the limits of our frame." Even 
amongst the most gifted, but few can avail them- 
selves of the necessary means of prosecuting this 



DIVINE PRESCIENCE MANIFESTED. O 

branch of knowledge with any tolerable success, 
by penetrating the awful depths of space which 
separate us from even the nearest objects which 
attract our attention; while the subjects which 
geology offers to our attention and rational in- 
quiry, are for the most part within our reach, and 
may be subjected to close and repeated examina- 
tion, requiring neither expensive apparatus, nor 
any great effort of intellect, but yet presenting 
to the mind an almost infinite variety of phe- 
nomena, upon a scale calculated to awaken the 
most powerful emotions of astonishment and admi-* 
ration, and to excite the strongest desire to in- 
vestigate them. Indeed, those who, prompted by 
a healthful and rational curiosity, consult the great 
volume of nature, which the Creator has laid open 
to our inspection, must prepare their minds for 
the most astounding announcements, as every page 
is replete with wonders " surpassing fable and yet 
true," of which geology alone affords innumerable 
instances. In the history of human events, we 
read the occurrences of a few thousand years; 
geology reveals the records of a long succession of 
ages, which it has pleased the Divine Author of 
nature should precede the creation of man; during 
which, operations were going on which effected 
great changes in the physical condition of our 
planet, and in both vegetable and animal existence; 
changes which there can be no doubt, in the pre- 
science of the Divine mind, were providentially pre- 
ordained for the existence and accommodation of 
the present inhabitants of the earth, and especially 
for man, the last and noblest work of creative 
wisdom. We are indeed permitted so far to pene- 
trate into the scheme of the beneficent px^s^oivevi^^ 
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of the great Author of our being, and of all that 
we see around us, as to presume that certain pro- 
ductions and events of very remote geological 
periods had reference to the appearance of man 
upon the earth, which otherwise, according to 
our most rational conclusions, would not have 
been a fit habitation for hira. We allude more 
particularly to two very remarkable instances: 
the formation of metallic veins in some of the 
oldest rocks, and that vast accumulation of vegeta- 
ble remains which compose our coal beds. No 
rational mind can doubt that these were designed 
and prepared for the use of man, as means of ac- 
commodation and physical power, and for the in- 
crease and development of his intellectual faculties. 

The production of these substances so far back 
in the depths of time, and their admirable adapta- 
tion to the purposes of human life, impress the 
mind with a deep conviction that the i)rogressive 
changes which have produced and modified the 
strata of the earth, and out of seeming confusion 
brought about the present beautiful order of 
things, have been constantly under one and the 
same controlling providential Power, to whose all- 
seeing eye there is no remoteness either of space 
or time. The progressive works of creation, of 
which geology discloses innumerable monuments 
in the crust of the earth, afford us wider and 
wider views of beneficent design operating through 
immense periods of the past, peopling the land 
and filling the waters with successive races of 
animals, capable of enjoying, and which no doubt 
fully enjoyed, their transitory existence. 

In taking this extended view of creative bene- 
£cence, we do not in the slightest degree impugn 
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the veracity of the sacred writings, when inter- 
preted by the aid of that knowledge which the 
Divine Author has imparted to man, through the 
instrumentality of his own researches and obser- 
vation ; and that such views are not incompatible 
with Divine Revelation, we have the highest 
living authority in the writings of the present 
very learned and pious Archbishop of Canterbury, 
who in his admirable work upon the Records of 
Creation, thus expresses himself: — "Any curious 
information on the structure of the earth, ought 
not to be expected by any one acquainted with 
the general character of the Mosaic records. 
There is nothing in them to gratify the curiosity 
or to repress the researches of mankind, when 
brought, in the progress of cultivation, to calcu- 
late the motions of the heavenly bodies, or 
speculate on the formation of the globe. The 
expressions are evidently accommodated to the 
first and familiar notions derived from the sensible 
appearances of the earth and the heavens; and 
the absurdity of supposing that the literal inter- 
pretation of terms in Scripture ought to interfere 
with philosophical inquiry, would have been as 
generally forgotten as renounced, if the oppressors 
of Galileo had not found a place in history. The 
concessions, if they may be so called, of believers 
in Revelation on this point, have been amply re- 
munerated by the sublime discoveries as to the 
prospective wisdom of the Creator, which have 
been gradually unfolded by the progressive im- 
provements in astronomical knowledge. We may 
trust with the same confidence as to any future 
results from geology, if the science should ever 
find its Newton, and break through the various 
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obstacles peculiar to the study, which have 
hitherto precluded any general solution of its 
numerous and opposite phenomena. All that I 
am concerned in establishing is, the unreasonable- 
ness of supposing that geological discoveries, so 
far as they have hitherto proceeded, are hostile to 
the Mosaic account of the creation. No rational 
naturalist would attempt to describe, either from 
the brief narration in Genesis or otherwise, the 
process by which our system was brought from 
confusion into a regular and habitable state. No 
rational theologian will direct his hostility against 
any theory which, acknowledging the agency of 
the Creator, only attempts to point out the 
secondary instruments he has employed. Accord- 
ing to the sacred history, we are bound to admit 
that only one general destruction or revolution of 
the globe has taken place since the period of the 
creation of man, which Moses records, and of 
which Adam and Eve were the first inhabitants. 
But we are not caUed upon to deny the possible 
escistence of previous worldsyfrom the wreck of which 
our globe was organized ; arid the ruins of which are 
now furnishing matter for our curiosity. The belief 
of their existence is, indeed, consistent with 
rational probability, and somewhat confirmed by 
the discoveries of astronomy and the plurality of 
worlds." 

It must be evident to the most pious mind, that 
the sacred Scriptures were not intended to be the 
vehicle of physical knowledge, or to supersede 
the active powers of the human mind, when in 
after times its attention might be directed to the 
sublime and beautiful phenomena of creation, and 
to the investigation of those laws by the agency 
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of whicli the great Creator has wrought and con- 
tinues to work in their production, and of which 
we have of late witnessed such astonishing revela- 
tions in astronomy, geology, and chemistry. Is it 
not rather perfectly consistent with our ideas of 
the wisdom and beneficence of the great Author 
of nature, that the knowledge of his works 
should be progressively achieved by means of 
those powers which he has conferred upon man, 
the exercise of which is attended with so much 
rational pleasure, and is productive of such con- 
tinually increasing benefit and sources of enjoy- 
ment ? Thus much it has been thought necessary 
to premise, in order to meet any objection to the 
high antiquity of the mere mass of our globe 
which geological phenomena disclose, arising from 
an apprehension that it impugns the veracity of 
that Divine Revelation, which was imparted 
to man for far other and higher purposes than 
that of affording a knowledge of physical phe- 
nomena. 

When we contemplate the magnificent spec- 
tacle which the surface of the earth exhibits to 
our view — its investing mantles of air and water, 
its continents and islands, diversified with moun- 
tains, hills, rocks, valleys and plains, covered for 
the most part with an abundant and beautiful 
vegetation, affording support and the means of 
enjoyment to an almost endless variety of living 
beings, from the enormous whale and bulky 
elephant to innumerable tribes of insects and 
animalculae discoverable only by the most power- 
ful glasses, which appear to succeed each other 
in a constant order of successive generations from 
the earliest period of recorded time — we m^a.'j \5(^ 
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suppose that we behold in the vast inanimate 
masses the character of unchanging stability and 
duration, and in their living inhabitants the limits 
on our globe of creative wisdom and beneficence. 
These impressions will, however, soon be re- 
moved by an attentive and searching inspection ; 
for when we penetrate beneath the present life- 
sustaining surface of the strata, we are soon con- 
vinced that what we had hitherto regarded as an 
unchangeable condition of things, presents only 
the last chapter of a most eventful history ; and 
that these strata of which the surface of the earth 
is principally composed, are so many monuments 
of its past history, on which are recorded in un- 
mistakeable characters successive changes of the 
relative position of land and sea, and correspond- 
ing mutations in living forms which now no 
longer exist, whose remains are entombed in the 
strata, and are so numerous as to constitute a very 
large portion, and, in some instances, almost their 
entire mass. From these remains we learn that 
our globe has been peopled at very remote periods 
by numerous races of animals, and covered by 
plants, differing widely from those which now 
occupy its surface ; that each of these races, after 
continuing for a while, has gradually disap- 
peared, and given place to others. The greater 
part of those animals whose remains have been 
thus handed down to us, were shell-fish and other 
inhabitants of the waters, where, from all appear- 
ances, they must have lived, died, and oeen 
covered up, as the greater portion of them have 
sustained no mechanical injury, and retain their 
finest and most delicate forms. As they are now 
found imbedded in extensive strata of dry land. 



DEPOSITION OF THE STRATA. 11 

not only near the sea, but in the remote inland 
parts of continents, it is most evident that the sea 
and land must have changed places, that the 
bottom of ancient seas must have risen up and 
become dry land ; and in many instances so great 
is the extent to which this has taken place, that 
rocks containing the fossil remains of sea animals 
are found on or near the summits of very lofty 
mountains, far above the ordinary range of the 
clouds. On the Andes of South America they 
have been discovered 14,000 feet, and in the 
Himalaya mountains of India 16,000 feet, above 
the level of the sea. 

It is with diflSculty that we bring our minds to 
believe that the vast masses which compose the 
present dry land, and the lofty summits of moun- 
tains, have undergone such changes of level as 
that above mentioned ; but, however contrary it 
may be to our preconceived notions of the fixity 
of these masses, it is impossible, after an exami- 
nation of the substances of which they are prin- 
cipally composed, that we can arrive at any other 
conclusion, or deny that in many instances there 
have been alternate changes from land to sea and 
sea to land. Every part of the surface of the earth 
hitherto examined exhibits the same indications 
of the present dry land having risen from beneath 
the surface of the sea, the general character of 
which is, that it consists of immense layers or 
strata evidently deposited by water, some of them 
of enormous thickness, and a large portion of 
them containing an immense quantity of fossils, 
or the remains of animal and vegetable life, chiefly 
the former. These strata, for the most part, lie 
one over the other in a certain geneial oiAax oS. 
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superposition, and with various degrees of incli- 
nation, from a nearly horizontal to almost a verti- 
cal position, and all repose upon unstratified and 
crystalline rocks of unknown depth, which not 
only underlie the stratified masses, but also rise 
above them, and generally form the central and 
highest ridges of the loftiest mountain ranges 
upon the face of the globe. 

That the stratified rocks, from the lowest to the 
uppermost, have been gradually deposited by 
water, in a horizontal position, there can be no 
room for doubt, as each stratum is composed of an 
immense number of thin layers, exactly resembling 
in this respect the deposit which at present takes 
place under our eyes in ponds and lakes of the 
sedimentary matter of turbid water which flows 
into them. We have existing examples also upon 
the largest scale of the manner in which the strata 
were formed, in the immense quantity of sedi- 
mentary matter brought down by large rivers and 
deposited in the sea at their mouths, and which is 
known to be hardening into rocks, and inclosing 
shell-fish beneath the waters. These rivers, also, 
carry down to the sea the plants and animals of 
the land through which they flow ; these, sinking 
to the bottom, are covered up by successive 
deposits : this explains that mixture of the pro- 
ductions of the sea and land which many of the 
strata exhibit. The strata formed in ancient times 
by such means and by the transporting power of 
the currents of the ocean, were subsequently con- 
solidated into rocks or rocky masses of greater or 
less degrees of hardness, and, gradually raised 
above the waters by the ascending motion of the un- 
Btrati£ed rocks beneath them, now form the larger 
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portion of the present dry land, as before noticed. 
In many cases it may be seen that the earlier 
formed, or lower strata, began to rise before those 
above thein were deposited, as the latter are fre- 
quently found resting unconformably, or with a 
different degree of inclination, upon those beneath 
them, as represented in the following section. 




The above may be considered as affording a rude 
approximation to the character of the stratification 
of a mountain district in which the older stratified 
rocks, 2, 3, 4, are seen resting in a highly in- 
clined position upon the unstratified central mass 
1, and the more recent strata 5 lying in an un- 
conformable and nearly horizontal position upon 
the sloping sides, and perhaps forming the general 
level of the country. Such is the actual character 
of many mountain ranges ; and it must be evident 
from such a relative position of the successive 
strata, that the central portion had begun to rise 
and might have been already above the surface of 
the sea, before the deposition of the more recent 
and horizontal strata. If all the stratified rocks 
had been formed before the central mass rose from 
beneath, they would have all exhibited the same, 
or nearly the same, highly inclined position, and 
portions of them would have been carried up upon 
the summit, or at least would have occupied 
a very elevated position. This is not uii&^c\v3L^^\X.^ 
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the case, and rocks of comparatively recent age 
are seen to occupy the highest places on some of 
the loftiest ridges in Europe, as the Tyrolese Alps 
and the Pyrenees. 

The unstratified rocks, which underlie and fre- 
quently rise from beneath all the others, are un- 
doubtedly of igneous origin; that is, they owe 
their present condition and mineral character to 
the action of heat upon their materials, which 
must have assumed their present form when in 
a molten state. Granite is the principal of these, 
and forms those central masses of lofty mountains 
upon which the stratified or sedimentary rocks 
rest. The other igneous rocks, which differ from 
granite more in external appearance or the ar- 
rangement of their minerals than in their real 
chemical or elementary composition, are called 
trap rocks ; these, together with granite, have 
penetrated, fractured and upheaved the incumbent 
stratified rocks, and by this action have produced 
all the mountain ranges and most of the lesser 
inequalities which diversify the surface of the 
earth. For the most part, this action of the 
molten rocks has taken place at immense depths 
beneath both the dry land and the bed of the sea ; 
and it is from this circumstance, and from their 
original molten condition, that they are frequently 
called by geologists jo/w^omc rocks. In the derange- 
ment of the strata which compose the greater part 
of the slopes and lower ridges of the enormous 
masses of mountain ranges, we witness the most 
striking effect of the power by which these rocks 
are in some situations forced upwards ; but these 
are only more conspicuous instances of the effect 
of the subterranean forces, which have raised all 
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the present dry land from the depth of the sea, and 
produced by theu* partial action at particular points 
those inequalities which its surface exhibits. If 
the incumbent strata were partially upraised when 
beneath the water, the retiring currents would 
furrow the surfaces with valleys ; and if much dis- 
located, those deeper valleys would be produced 
with corresponding strata on either side, which are 
so frequently seen, and which are strikingly ex- 
hibited in the valley of Bath, though the igneous 
rocks have not made their way to the surface, the 
cause of the disturbance being there only indicated 
by the hot springs which rise in the bottom of the 
valley. 

The present signs of these upheaving subterra- 
neous forces are exhibited in earthquakes, which 
occasionally not only fracture and break up the 
strata on the dry land, but agitate them beneath 
the depths of the sea, the effect of which is felt 
over large portions of the globe at the same time. 
Even within a few years of the present time, these 
forces have produced a permanent elevation of the 
land of several feet over a space of 100,000 square 
miles of country on the coast and inland parts of 
Chili in South America, and another of great 
extent on the banks of the Indus. Numerous 
instances of the elevation of the land upon a more 
limited scale have been experienced and recorded 
both in ancient and modern times ; but when we 
consider the comparatively small portion of the 
earth which is occupied by civilized man, it is 
very probable that many extensive movements of 
this kind have taken place which have escaped 
attention, or have not been recorded. Existing 
and active volcanoes will afford us some faint \d^^ 
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of the force with which the molten matter which 
formed the trap rocks was impelled upwards and 
by which it penetrated and upraised the incum- 
bent strata. In these volcanoes, the molten lava 
rises from immense depths beneath the base of the 
mountains to their summits, or is forced out 
through their sides. The streams of lava which 
pour forth from these volcanoes consist of nearly 
the same materials, and are of the same chemical 
composition, as those of the trap rocks ; and the 
difference observable in their external appearance 
and mineral arrangement, there is substantial 
ground for believing, is owing to the different 
circumstances under which they have been con- 
solidated; the trap rocks having cooled slowly 
under enormous pressure either of incumbent 
strata or of the ocean, and the lavas more rapidly 
on the surface. The lavas which are called volcanic 
rocks may be considered as trap rocks, so to speak, 
which have found their way to the surface beneath 
the pressure of the atmosphere only; and their 
upward movements, and the force with which they 
are ejected, as a visible type of the power exerted 
in the invisible depths of the earth, the former 
effects of which are exhibited in the elevation of 
the strata, and the inequalities thereby produced 
upon the surface. 

There are three circumstances which confirm 
geologists in the opinion that the unstratifiied 
rocks were originally like lava in a molten or 
semifluid state : first, their crystalline structure ; 
secondly, the manner in which they have pene- 
trated and fissured other rocks both in a vertical 
and horizontal direction, in a way which they could 
not otherwise have done ; and, lastly, the chemical 
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• 

changes they have produced upon the strata they 
have so invaded, by converting earthy and shaly 
beds into granular masses of hard rock, common 
limestone into crystalline marble, and coal into 
coke, the known effect of heat upon such sub- 
stances out of contact of air and under great 
pressure. The strata so altered by the contact of 
heated matter have obtained the name of metamor- 
phic rocks. The annexed sketch will afford some 
idea of the manner in which granitic veins are ob- 
served to penetrate older rocks of the same kind, 
and those and other trap veins fissure vertically 
and horizontally the stratified rocks, and some- 
times overlie them. 




On the right-hand side a rock of granite and the 
highly inclined strata resting upon it are penetrated 
by granite veins ; and on the left other trap veins 
rise through the more horizontal strata, penetrating 
between and overlying them. Instances of the 
penetration of granite rocks by veins of newer 
granite occur in many parts of Scotland, and of 
the intrusion of trap rocks or dikes in many parts 
of England, where they frequently embarrass and 
interrupt the operations of the miner, both by 
their extreme hardness and the displacement of 
the strata which they pervade. These trap rocks 
sometimes assume the appearance of ^3\\a n^V^tv. 

c 
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they rise to the surface, of which there is a remark- 
able instance in the north of England, where 
a wall or dike of this kind, of considerable breadth, 
extends from near Whitby to the westward through 
several successive strata, including the coal mea- 
sures. Other dikes occur farther north, traversing 
the coal measures and mountain limestone; and 
trap rocks occur abundantly in the coal-fields 
and on the western shores of Scotland. Those 
trap rocks, called basaltic, sometimes take the 
form of columns, as at the Salisbury Crags, Edin- 
burgh, Fingal's Cave on the Island of Staffa, 
and the Giants' Causeway on the north shore of 
Ireland. 

The effects of trap rocks in lifting and pene- 
trating the regular strata are remarkably displayed 
in the district round Matlock in Derbyshire, par- 
ticularly at Crich-hill, of which a particular 
description is given by Dr. Mantell. The lime- 
stone strata, of which the hill consists, have been 
lifted up into a dome-like shape, and exceedingly 
shattered, and the sandstone strata which over- 
laid the limestone removed, as the rocks on either 
side clearly indicate, and as is represented in the 
section beneath : — 



Millstone Grit 



Mountain Limestone. 



Millstone Grit. 
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Trap. 



The trap rock of this district is called Amygd- 
aloid, or Toadstone, from the peculiar spotted 
character it exhibits. 
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The instances given above of the intrusion of 
igneous rocks into the incumbent strata, and the 
evident effect they have produced in their eleva- 
tion and disturbance in almost innumerable ob- 
served instances, are sufficient to warrant the 
conclusion, that by such means were effected the 
general upward movement of the strata which 
now form the dry land, and those great in- 
equalities which constitute mountain ranges in 
almost every part of the earth. 

The phenomena of trap and intrusive rocks may 
be well studied in the coast sections of the Isle of 
Arran, of which and the adjoining islands detailed 
descriptions will be found in I)r. MaccuUoch's 
Geology of the Western Islands. 
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General view of the Stratified Rocks of England, Wales, and Scotland— 
Their elevation and dislocations, and the appearance their surfaces 
exhibit — Their different character, and the means by which they are 
distinguished — Fossiliferous Rocks — Dr. William Smith, his great 
Geological discovery— The constancy of the Fossil character of Rocks 
— The proofs they exhibit of successive changes of land and sea 
over the same spot — Fossil Remains of Land Animals and those of Trees, 
Plants, and Seeds — Remains of various Animals found in Kirkdale 
and other Caverns, and in diluvial Gravels in Siberia and North 
and South America— Adaptation of the present condition of the Earth 
to the existence of its Inhabitants — Changes now in progress — Formation 
of Coral Reefs and Islands— Submarine Mountains, gradual shoaling of 
the Baltic Sea, raised Beaches, and submerged Forests — The wearing 
down of Continents, and the production of Deltas and Submarine 
Deposits, and the enormous quantity of Silty matter transported by 
great Rivers, with the effects produced in the progress of time witbin 
the notice of history, in the recession of the Sea and the filling up of 
Lakes — Observations of Ancient Philosophers on Geological changes — 
Arabian Fable. 

When we travel over the lower, and generally 
fertile tracts of any country towards the elevated 
lands or mountains, — for instance, if we start from 
London and proceed in a north-west direction, — 
we witness the occurrence at frequent but varying 
intervals of soils of the most opposite character, 
but principally consisting of clays, sands, chalk, 
and imperfect limestones, succeeding each other 
without any apparent regularity, but rather im- 
pressing the mind with the idea of confusion and 
disorder. By a more attentive observation, how- 
ever, we shall discover that this seeming confusion 
is capable of being reduced to some degree of 
order ; and that the variation of the soils we have 
noticed is owing to their resting upon, and form- 
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ing the upper portion of clayey, or sandy beds or 
strata, alternating with others of limestone, and 
as we proceed farther westward, of slaty and crys- 
talline rocks (all of which are called rocks by 
geologists), which lie over one another, or crop 
out, as it is called, one from beneath the other, 
somewhat after the manner of a pack of cards 
partially spread upon a table, or the over-lapping 
of tiles upon the roof of a house, and discovering 
a greater or less extent of their surface; some- 
times a very limited portion, but frequently 
extending many miles, and occupying wide dis- 
tricts of different degrees of elevation : of this 
some idea may be formed from the following 
section : — 




These strata are of various thickness, and over 
a large portion of the kingdom of low inclination, 
cropping out and 'presenting their edges to the 
north-west. In the opposite direction — that is, 
from north-east to south-west — many of these 
strata range with an irregular line nearly across 
the kingdom, presenting the appearance of bands 
of different degrees both of breadth and length. 
Their inclination is by no means constant, as in 
many instances they have suffered great displace- 
ment, and those rocks which are the lowest in 
order, or the earliest formed, often become highly 
inclined, and rise with steep sides into bold hills 
and mountain ridges, as in Wales and the counties 
of the extreme north-west of Englaad MiA >Jc^^ 
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greater part of Scotland. The derangements 
which the strata have undergone at various pe- 
riods in the course of their progressive deposition, 
are often strikingly exhibited by one rock of low 
inclination resting unconformably upon the up- 
raised and steep surface of that beneath it, from 
which it is evident that the lower stratum had 
been consolidated and subsequently raised before 
the other was deposited upon it. In numerous 
instances the disrupted strata beneath have their 
edges covered up by others which have been 
formed over them. The following section will 
exhibit the nature of these derangements and 
overlyings : — 




The appearance which the several strata present 
at their outcrop will depend upon the materials of 
which they are composed : if they consist of hard 
and compact rocks, their edges will appear bold 
and abrupt, as in the limestones and the slates ; 
if the materials are less consolidated, as in the 
softer sandstones, their terminations will be more 
or less rounded ; and those strata which are com- 
posed of soft and loose materials, such as sands and 
clays, will gradually blend with the stratum be- 
neath, without presenting any marked elevation 
at their extremities, as represented in the outcrop 
of the strata in section, p. 21. 

The several strata are distinguished from each 
other by three distinct indications, viz, — their 
mineral character, their relative position or order 
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of superposition, and lastly and chiefly, by the 
fossil or organic remains which they contain. The 
first of these, taken by itself, cannot always be 
relied upon, as rocks or strata very remote from 
each other in the order of their superposition 
very much resemble each other in their mineral 
constitution ; and therefore, the two others taken 
together afford the only certain means of deter- 
mining the geological position of any particular 
stratum in the general series, or in other words, 
its relative age. The very oldest of the stratified 
rocks are those which occupy the lowest position 
in the order of succession, but these are generally 
so marked by their mineral character, as to render 
it easy to determine their geological position by a 
hand specimen, as they consist of dark slates, or 
still harder crystalline rocks. Moreover, they are 
generally highly inclined, and often form the 
entire mass of lofty mountains, as in North and 
South Wales, Westmoreland, Cumberland, and 
very generally in Scotland. To such rocks suc- 
ceed in the ascending order that extensive series 
of strata which have received the general name 
of fossiliferous, from their containing imbedded 
fossils, or petrified organic remains. 

About fifty years ago, the late Dr. William Smith, 
who has not improperly been called the father of 
English geology, made the discovery, after an ex- 
tensive series of observations and a close examina- 
tion of the strata in every part of the kingdom, 
that the fossils of one stratum differed materially 
from those of another ; that the difference became 
the more marked in those which were widely 
separated ; and that the fossils of those the most 
remote from each other were altogether of ^ 
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different character ; that any particular fossil 
shell which abounded most in one rock, became 
less numerous or disappeared in the one above 
it, and was replaced by another species, which in 
its turn suddenly or gradually gave place to others 
in the ascending series of rocks. This prevalence 
of particular fossils in each rock was found to be 
so constant, as to serve as an indication and means 
of determining the position of any one in the 
series, whatever might be its mineral composition, 
as rocks so characterised were found never to 
change their relative position with respect to each 
other ; that is, a rock containing certain fossils 
has never been found above another in one place 
and beneath it in others. The successive changes 
in the fossil remains have continued through all 
the strata in the ascending order, to the last or 
newest of those which now form the dry land ; 
these so nearly resemble the living inhabitants of 
the adjoining seas as to be scarcely distinguish- 
able from them, and are for the most part identical 
with them. 

The fossils found imbedded in the strata are 
not confined to shells, but comprise those of fish, 
enormous reptiles, land animals of various kinds, 
birds, and even insects, with a great variety of 
plants, and in some instances seeds, all of which 
are now extinct. From the peculiar position of 
many of the productions of the land, it is evident 
that in some localities the land and sea have 
changed places more than once, as the remains of 
mammiferous or milk-giving land animals are 
found imbedded in strata formed by fresh water, 
as is manifested by the accompanying shells, 
covered by thick deposits containing only those of 
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marine origin; while stumps of trees are dis- 
covered still rooted in the soil, and covered by 
deposits both of fresh and salt water of many 
hundred feet thick. The last fossil remains of 
land animals are found in superficial gravels in 
most parts of the world, and also imbedded in the 
silty deposits of caverns, as well as in the marls 
at the bottom of peat bogs. These are mostly 
of extinct races, but sometimes associated with 
many which cannot be distinguished from existing 
species. Such fossil remains are found abundantly 
both in the old and new continents, and in climates 
not now adapted to their habitation. In Siberia, 
on the borders of the frozen ocean, the remains of 
elephants are so numerous and so well preserved, 
as to furnish an inexhaustible supply of ivory as 
an article of commerce ; and in one instance, an 
entire elephant was discovered imbedded in ice on 
the banks of the river Lena, so perfectly pre- 
served that the dogs and wolves devoured the 
flesh; and of such dimensions, that it was with 
diflSculty that eleven men removed the skin to a 
boat. The fossil remains found in gravels, consist 
of the above gigantic elephant ; the mastodon, a 
similar animal ; the megalonyx and megatherium, 
two enormous extinct animals, found in the 
United States and South America; the hippo- 
potamus ; rhinoceroses of four kinds ; gigantic 
tapirs ; stags, oxen, aurochs, bears, horses, lions, 
tigers, hyenas, dogs, cats, &c. 

Caverns in limestone rocks in various parts 
of the world, are remarkable for containing the 
imbedded bones of a great variety of animals, and 
in great abundance. In the Kirkdale Cavern in 
Yorkshire, Professor Buckland discovered \^r^ 
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numerous remains of large hyenas, associated 
with bones, more or less fractured, of species of 
tiger, elephant, rhinoceros, hippopotamus, horse, 
deer, ox, wolf, bear, fox, weasel, hare, mouse, 
water rat, and fragments of skeletons of ravens, 
pigeons, larks, and ducks. From the great num- 
ber of the remains of hyenas. Professor Buckland 
inferred, that the cave was the resort and habita-^ 
tion of these beasts of prey ; and that most of the 
remains were those of animals whose fragments 
had been carried in by them, as many of the 
larger bones exhibit marks of having been gnawed. 
The larger animals might sometimes have fallen a 
prey to these ferocious beasts, but the smaller 
ones, especially the birds, were probably drifted 
in by the waters which deposited the silt in which 
they were imbedded. Similar remains are found 
in a cave near Torquay ; in Oreston Cave near 
Plymouth; in Banwell Cave, in the western 
district of the Mendip Hills, Somerset; and in 
Goats Hole, and Paveland Cave, near Swansea. 

Bone breccias (fragments of bones united by 
stony matter) are found in numerous parts of the 
shores of the Mediterranean, at Gibraltar, Cette, 
Nice, &c. ; most of these bones, like those before 
mentioned, belong to extinct species — though in 
certain places they are associated with those of 
animals now in existence ; but the bones of man 
have never been found in these deposits. The 
latter have, indeed, been discovered in sandstones 
which are known to be of recent origin, of which 
a specimen exists in the British Museum, brought 
from the Island of Guadaloupe in the West Indies. 

The animal remains found in the diluvial beds 
or gravels, or covered up with silt in caverns in so 
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many parts of the world, appear to have been for 
the most part deposited and inhumed by one or 
more of those great catastrophes which have from 
time to time effected great changes in the form of 
the surface of the earth, and, probably, alterations 
of climate. That great changes of climate, how- 
ever produced, have taken place in northern lati- 
tudes, is most evident, from the character of the 
organic remains contained in the strata from the 
coal measures upwards to those superficial deposits 
which we have just mentioned, as they belonged 
to animals and plants which could have existed 
only in a climate of high temperature, at least 
equal to that of our present torrid zone. The 
perfect condition of most of them indicates that 
they could not have been transported from great 
distances, but must have lived and died on or near 
the spot where their remains are covered up and 
are now discovered. That the change of climate 
in one instance, at least, was both great and 
sudden, must be inferred from the immense quan- 
tity of the fossil remains of elephants or mammoths 
found in the frozen plains of Siberia ; and parti- 
cularly from the almost perfect condition of even 
the flesh and skin of that above mentioned, which 
was frozen up in the ice on the banks of the Lena, 
and thus wonderfully preserved from putrefaction 
for perhaps thousands of years. At a temperature 
below the freezing point, and excluded, at the 
same time, from the air, the most frail and delicate 
animal and vegetable substances are as imperish- 
able as the hardest rock. 

Such is the general character of the structure 
and arrangement of the rocks or strata which 
compose the mass, and form the surface o^ \\v<^ 
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visible crust of the earth ; and such the creative 
and sustaining beneficence they exhibit in the 
remains of animals which they once supported. 

Though the great inequalities which the surface of 
our globe everywhere exhibits, indicate the action of 
upheaving, and what we might at first sight regard 
as the effect of the wild and destructive forces of 
subterranean elements, yet we recognise in the 
actual arrangements, which are the result of that 
seeming destruction, the work of profound wisdom 
and beneficent design ; for, all things considered, 
it is impossible to conceive a world whose physical 
conformation would be better adapted to its pre- 
sent inhabitants, and especially to man, who alone 
has been gifted with powers to discern, and a 
tongue to pronounce, that the hand that made it 
was Divine; and who, viewing the sublime and 
beautiful spectacle it presents, may well exclaim — 
" How wonderful are thy works ! in wisdom hast 
thou made them all ; the earth is full of thy good- 
ness;" or in the almost divine language of our 
great poet : — 

" These are thy glorious works, Parent of good. 
Almighty ! Thiue this universal frame, 
Thus wondrous fair, Thyself hoM' wondrous then ; 
Unspeakable ! who sit'st above these heavens, 
To us invisible, or dimly seen 
In these thy lowest works, yet these declare 
Thy goodness beyond thought and power divine." 

Scenes which have the power to inspire the 
mind of man with such exalted sentiments as these, 
which every reflecting mind must feel, though 
few can express so happily, cannot have resulted 
from the chance work oi uncontrolled elementary 
disturbance^ but must be attributed alone to a Divine 
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original prescience extending through the abyss of 
time, and with a power invisible working out his 
beneficent designs by the instrumentality of visible 
agents — the strife of elementary matter, the vol- 
cano, and the earthquake, the lightning, the storm, 
and the ever-moving waters, that wait upon his 
pleasure and do his bidding. The inspired writings 
everywhere abound with passages expressive of 
the continual superintendence of the infinite and 
all-wise Creator; and the uninspired reason of 
man, contemplating the magnificence, beauty and 
harmony which everywhere prevail, can arrive at 
no other conclusion. 

Had the ponderous materials of which our planet 
is composed settled down, or occupied places 
according to their respective weights, and the law 
of gravity prevailed undisturbed by antagonistic 
upheaving forces, the whole face of the globe must 
have been covered by water, as the present dry 
land occupies little more than one-fourth of that 
space; in which case neither vegetables nor animals, 
such as now cover and inhabit the face of the 
earth, could have had any existence; the sun 
would rise and set upon a dreary waste of waters 
and its unconscious inhabitants, if, indeed, any 
could have existed in such a condition of the globe. 
How different is the scene which the actual state 
of things presents! Those subterranean forces 
which have raised our continents and islands, have, 
by acting with greater energy in particular parts, 
variously fractured and upheaved certain portions 
of the enormous mass, and produced all that 
variety of form which now diversifies the surface 
with mountain, hill, and valley, by which the 
clouds are condensed in rain, the streams dk^cX^d. 
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in their course, and the whole rendered a fit place 
of habitation for the beings for which it was 
intended. 

Through what depths of time such changes 
•have been in progress will, perhaps, never be 
revealed by the researches of man ; but observed 
facts afford us the strongest and most convincing 
proofs, that by such vast movements the present 
relative positions of land and sea have been ef- 
fected, and all the existing beautiful and beneficial 
arrangement produced. Without the inequalities 
or partial elevations of hills and mountains, which 
condense the vapours of the atmosphere, the earth 
had been destitute of fresh water, and neither 
springs, waterfalls, nor rivers would have en- 
livened and fertilised its surface. Those sub- 
terranean forces which caused the elevation of 
mountain masses, also produced fissures, the re- 
ceptacles of metallic ores, which would not have 
been available to man but for the continuance of 
subsequent upward movements which have placed 
them within his reach. The veins of metals 
pervading rocks, which, according to all appear- 
ances, must have been formed beneath the depths 
of the sea, are, in numerous instances, in both the 
old and new continents, raised many thousand feet 
above its surface, and thus rendered accessible. 
Those vast masses of coal which are the principal 
source of the wealth of England, and are so very 
valuable to mankind wherever they are found, 
have evidently been formed from accumulations of 
vegetable matter deposited at the bottom of seas 
and lakes, and subsequently covered up to a great 
depth with sand and other sedimentary matter, 
which afterwards hardened into sandstone and 
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shaly beds, wbich by tbeir pressure have caused 
its consolidation into those firm and ahnost rocky 
masses which it everywhere exhibits. These beds 
of coal, which are of various thickness, from a 
few inches to thirty feet, are likewise separated 
by, or alternate with, beds of sandstone, shale, and 
sometimes limestone, forming a mass of deposition 
of many hundred feet deep. Over all these have 
been superimposed numerous other strata of 
great thickness, containing no coal. From the 
position thus occupied by the coal measures, as 
the coal-bearing strata are called, beneath the sea, 
and overlaid by other strata, they must have 
remained for ever out of the reach of human 
industry. But what man could not effect has been 
performed for him by the agency of those sub- 
terranean forces before mentioned, which have 
raised these from their deep- sunk position beneath 
the bed of the waters, to often many hundred feet 
above their surface, and thus rendered them an 
available means of promoting the comfort, the 
arts, and the civilization of mankind. 

Not only have the strata been upraised above 
the waters, but, during their elevation, and 
probably afterwards by transient inundation, their 
surfaces have been deeply furrowed or denuded by 
the force of the currents which such movements 
must have necessarily produced, as is evinced by 
the deep valleys which the face of almost every 
country exhibits. Some of these, in the uplands 
and interior districts, are no longer the channels of 
water; while most of them are traversed by streams 
and rivers, still indicating the course of those 
mighty retiring torrents which scooped out the 
deep and wide valleys, that now serve as the 
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natural drainage of the country. Such denuding 
forces have not only thus beneficially modified the 
surface of the earth, by rendering it a more health- 
ful and suitable place of habitation for man and 
the inferior animals ; but, by dividing the strata in 
so many different places, by removing some and 
exposing the edges of others along the bottoms and 
sides of the valleys thus formed, have rendered these 
materials easily accessible for economical purposes, 
and facilitated the operations of mining by ren- 
dering drainage less expensive and laborious. The 
section beneath, cutting across the line of valleys, 
will sufficiently explain what is here meant ; that 
is, the manner in which these valleys of denudation 
expose the strata of which their sides and bottoms 
are formed. 




Here we have the valleys (and it is a common 
occurrence) cutting through the inclined strata, 
and exposing their edges along their flanks, and 
laying bare uie lowest in each, by which condition 
it will be at once apparent that the materials of 
each stratum so cut through and exposed are 
rendered more easily accessible. The wide valley 
between 1 and 2 has left what is called an out- 
lier. No. 1, the upper part of which consists of 
the same strata as crop out in the valley and form 
part of the side of the hill. No. 2 ; while some of 
the strata of No. 4 crop out in the respective val- 
Jejs, and form the upper portions of Nos. 3 and 2. 



USEFUL DISTRIBUTION OF THE STRATA. 33 

When such appearances occur in nature, there 
can be no question that the strata which croj) out 
along the sides of such valleys were once con- 
tinuous across the space those valleys occupy; and 
this is, perhaps, nowhere more remarkable than in 
the deep valley through which the Avon flows as 
it enters Somerset above Bath and along the 
valley below it. Here the edges of the corre- 
sponding strata are seen on either side of the great 
valley, and also in the minor valleys which open 
into it. The upper stratum, the great oolite or 
Bath building-stone, forms the small and nearly 
level plains on the summits of the hills ; while a 
distant outlier, part of the same mass of oolite for- 
mation, appears at Dundry Hill near BristoL 

In noticing the beneficial effect of the dis- 
turbances the strata have undergone, we must 
not omit to draw attention to the present dis- 
tribution of land and sea, which, in conjunction 
with mountainous elevations, exercises so powerful 
an influence on the climate of the several parts of 
the earth's surface, and affords such facility of 
communication between the most distant nations, 
as well as the convenience to commerce in deeply 
indented shores, harbours and tideways; in aU 
which may be traced an admirable and ever- 
necessary adaptation of the actual state of the 
earth to the nature and wants of its present 
inhabitants, and especially of man. It is highly 
probable that any material change, either in the 
elevation of the several parts of the earth's surface, 
or a widely different distribution of land and sea, 
would be incompatible with the existence of many 
or most of the living beings which now inhabit 
both the land and water ; and there is good ground 

D 
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for supposing that the changes which our planet 
has evidently undergone in this respect have been 
the providential means of effecting those changes 
in animal and vegetable existence which the 
organic remains of successive races contained in 
the strata indicate to have taken place. There 
can be no question that the existence of an arid 
sandy desert, extending with little interruption 
from the Arabian Sea on the east, over Arabia 
and the great Sahara of northern Africa to the 
Atlantic, must have a material effect upon the 
climate of Europe, from the intense heat produced 
by a vertical sun upon a soil destitute of herbage, 
and fully exposed to its action. The heated air 
which ascends from these deserts, flowing to the 
north, and blending with the westerly winds which 
generally prevail in the higher latitudes of Europe, 
Keeps up a higher temperature than would other- 
wise exist, more especially over the western part 
of the continent. That great current of the 
Atlantic, called the Gulf Stream, crossing from 
the African shores to the Gulf of Mexico, is 
reflected by the isthmus which unites North and 
South America, and flows through the Straits of 
Florida at a temperature of 80° Fahr. and diffusing 
its warmth over a wide expanse of the North 
Atlantic, produces a very decided effect in the 
temperature of its waters in very high latitudes, 
which, aided by the westerly winds, tempers the 
climate over the whole of western Europe, and 
must have an important effect upon the welfare of 
its inhabitants and the nature of its productions. 
If the space now occupied by the sands of Arabia 
and Africa had been open sea, and the Gulf of 
Mexico had communicated with the Pacific by a 
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wide opening to admit of the whole stream to 
pass through it, there can be no doubt but the 
climate of western Europe would have been very 
much colder than it is at present, and would have 
more nearly resemblexl that of the eastern coast of 
Asia in corresponding latitudes, so remarkable 
for the excessive rigour of its winters and the 
limited scale of its productions. From the effect 
produced upon the climate of Europe by the two 
causes above stated, it is easy to conceive what 
would be the consequence of a very different 
arrangement of land and sea from that which at 
present exists. If, for instance, nearly the whole 
of the space between the tropics were occupied 
by land, and there were open sea to the north and 
south, the heat produced by the action of the sun 
on so great an extent of equatorial land, and the 
consequent flow of heated water and warm wind 
towards either pole, would banish ice from the 
earth, and produce a comparatively warm climate 
in the highest latitudes. If, on the other hand, 
the equatorial region were entirely open sea, and 
the land accumulated round the poles, from the 
little effect of the sun in heating water, the op- 
posite extreme of temperature would prevail, and 
the land would, in all probability, be rendered 
sterile by the rigour of a perpetual winter. In 
either case it must be obvious that the earth 
would become an unsuitable abode for the greater 
part of its present inhabitants. Changes of a 
minor degree in the relative position of sea and 
land might have attended, or been accommodated 
to, the existence of former races of animal and vege- 
table productions on our globe ; for as we discover 
that all the works of creation which fallmox^ v^\\Jciiv\i 
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the reach of our investigation manifest an admi- 
rable adaptation of means to an end, we are bound 
to believe that any former relative position of sea 
and land and that which at present exists were not 
the results of mere chance, but were brought 
about by appointed means under the direction and 
control of a profound and unerring wisdom. 

In the works of creation progress is everywhere 
visible; and those causes which at very remote 
periods have effected changes in the relative 
position of land and sea, are still constantly in 
operation. Over wide portions of the tropical 
seas, and more especially in the great Pacific 
ocean, extensive reefs of coral are in the progress 
of formation, the magnitude of which (for many 
of them are several hundred miles in extent) 
is the more astonishing when we consider the 
minuteness of the animalcules by which such 
enormous masses of rock are raised. These coral 
rocks form numerous islands in the Pacific, some 
of them just appearing above the water, and 
others very considerably raised. Those in the 
mid ocean are evidently based upon the summits 
of submarine mountains ; and as the operations of 
the Zoophytes, as they are called, must cease when 
they can no longer be overflowed by the water, it 
must be evident, that when the rocks are so 
elevated as to form high and dry land covered 
with vegetation far above the level of the sea, 
they could only have attained that elevation by 
the rising of the foundation upon which they 
rest. Mr. Darwin, to whom geology is very much 
indebted, has given a very particular and in- 
teresting account of these submarine formations, 
and the gradual progress they are making to form 
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islands and reefs, as well as of the proofs afforded 
of the elevation of some and the subsidence of 
others. The movement of such enormous masses 
as those which compose submarine mountains, 
proceeding, as it were, under our eyes and obser- 
vation, and over such extensive areas, may afford 
us some idea of the way in which whole continents 
have been gradually raised above the waters which 
evidently once covered them ; and how others may 
have disappeared which afforded the materials for 
those which now constitute the dry land, which 
often presents in inland situations lofty ridges of 
rocks produced by the same means as those we 
have just mentioned. The present continents 
and larger islands also exhibit proofs of similar 
gradual changes, of comparatively recent elevation 
and depression, in what are called raised beaches 
and submarine forests. It had long been a pre- 
vailing opinion amongst Swedish philosophers, 
that the bottom of the Baltic Sea was slowly 
rising, and the water consequently becoming 
shallower from century to century. Sir Charles 
Lyell states in his admirable work upon the prin- 
ciples of geology, that " the attention excited by 
the subject in the early part of the last century 
induced many of the scientific men of Sweden 
to determine by a series of observations the mean 
height of the waters of the Baltic; and under their 
direction, lines representing the true elevation 
were chiselled out upon the rocks at different 
favourable positions along the coast. Similar 
observations have since been repeated at various 
intervals, the most recent and extensive having 
been made in the year 1821, under the joint 
direction of the Swedish Cabinet and the RuaavaxsL 
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Minister of Marine. The result, we are assured, 
of all these comparative admeasurements is, that, 
along the greater part of the Baltic, the mean level 
of the water is falling from three to five feet in a 
century, or about one foot in every twenty-five 
years. 

" Mr. Johnson, who has made a recent inspection 
of the coast of the Baltic, has come to the con- 
clusion that a change is taking place in the relative 
position of the land and sea, and that several small 
peninsulas round Stockholm were once islands; 
and has given proofs that at the city itself the 
waters are sinking, or rather the land rising." 
The same author states, that " though the southern 
shores of the Baltic do not partake of the 
elevating movement, a tract extending from Stock- 
holm to the Bothnian Gulf on the northern shores, 
of the length of England, is gradually rising. 
The discoveries of Strom and Brongniart appear 
to remove all doubt upon the subject. The 
former discovered marine deposits on the coast of 
Norway, at the height of four hundred feet above 
the level of the sea ; and the latter found at the 
entrance of the Baltic masses of shells identical 
with those now inhabiting the neighbouring sea, 
at an elevation of two hundred feet above it.'* 

While these upward movements are taking 
place on some coasts, as exhibited by raised 
beaches, others manifest unquestionable indications 
of depression, and that within periods compara- 
tively recent. Along the eastern and southern 
coast of England submarine forests are discovered, 
consisting of stumps of trees rooted in the soil, and 
standing erect, which are at many places traceable at 
low water and to a great extent. These submerged 
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forests are so extensive on the south-western coast, 
that Sir H. De la Beche says, that it is difficult 
not to find traces of them in this district at the 
mouths of all the great valleys which open upon 
the sea. As these remains of* trees can be traced 
in many instances as far as the tide recedes, we can 
draw no other conclusion than that the land upon 
which they stand and once grew has sunken down ; 
a conclusion from which we can no more escape, 
than that elevated shores with beds of shells on 
their summits were once and for a long time 
beneath the waters. The proofs are equally 
forcible of these opposite phenomena, which, though 
so opposed to our common impressions of the 
fixity of what our great poet calls "the sure and 
firm set earth," can no longer excite doubt or 
surprise when we consider those far greater 
changes of level of more ancient times, exhibited 
in the elevation of submarine formations above 
the ordinary range of the clouds, on some of the 
great ranges of mountains, both in the old and 
new continents ; and on the other hand, the disap- 
pearance of very elevated land, which must have 
existed to furnish the materials of that on which 
we live, and which was manifestly formed beneath 
the waters by a process similar to that which is 
now in action. 

Besides the changes effected by these elevating 
and depressing movements, owing to causes deeply 
seated beneath the strata, of which we can never 
arrive at any satisfactory knowledge, the surface 
of the earth is continually undergoing formidable 
changes from causes which are open to our obser- 
servation. In mountainous regions of perpetual 
frost and Bnow> the rocks are shattered and dis- 



40 GEOLOGY. 

located by the freezing of water in their crevices, 
and by tne erosive power of descending glaciers ; 
these detached fragments and finer particles are 
borne down by the torrents produced by rains and 
melting snows, and deposited in thick beds beneath, 
or carried on in the case of the finer matter to 
form alluvial land along the course of rivers, 
and deltas at their mouths, and in the deep sea 
beyond. "I have frequently observed," says 
Darwin, " both in Terra del Fuego and within the 
Andes, that when the rock was covered during the 
greatest part of the year with snow, it was shivered 
m a very extraordinary manner into small angular 
fragments :" and again, " as often as I have seen 
beds of marl, sand, and shingle accumulated to 
the thickness of many thousand feet, I have felt 
inclined to exclaim that causes such as the present 
rivers and the present beaches could never have 
ground down such masses. But, on the other hand, 
when listening to the rattling noise of these 
torrents, and calling to mind that whole races of 
animals have passed away from the face of the 
globe, during which, night and day, these stones 
have gone rattling onwards in their course, I have 
thought to myself, Can any mountains, any con- 
tinent withstand such waste?" 

In less elevated situations in high latitudes, the 
action of frost succeeded by rains or the melting 
of snow, and in lower latitudes the heavy periodical 
deluges that fall for continuous months, wash 
away the surface of the land, the materials of 
which are transported to still lower levels, or 
carried on to the sea to form new strata beneath 
its surface. The changes provluced by the action 
of such causes are very remarkable in the north 
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of Italy, where the Po and the Adige bring down 
such quantities of detritus as to have raised their 
beds above the surrounding country, so as to 
require embankments, and the most vigilant atten- 
tion in maintaining them, to prevent the waters 
from breaking out and inundating the country 
with a destructive deluge. The quantity of sedi- 
mentary matter carried down by these and other 
rivers, which descend from the Alps and discharge 
themselves into the Adriatic Gulf, has produced 
within the last two thousand years a tract of land 
along the coast of more than one hundred miles 
in length and twenty-two in breadth. The town 
of Adria, from which the sea takes its name, which 
was in the time of Augustus the Koman emperor 
a sea-port, is now twenty miles inland, and other 
towns have in like manner been deprived of the 
sea by the increase or extension of the deltas of 
their rivers. By such vast quantities of drifted 
materials, the adjoining seas are continually 
shoaling, and exhibit a striking exemplification 
of the manner in which those strata, or masses of 
rock, were produced, which now form the dry land, 
as it has been ascertained that the sedimentary 
matter is undergoing consolidation, and enclosing 
in its mass the shells of those seas. 

On this subject Sir Charles Lyell observes, that 
the greatest depth of the Adriatic, between Dal- 
matia and the Po, is twenty-two fathoms; but 
a large part of the Gulf of Trieste, and the Adri- 
atic opposite Venice is less than twelve fathoms 
deep. Farther to the south, where it is less 
affected by the influx of great rivers, the gulf 
deepens considerably. Donati, after dredging the 
bottom, discovered the new deposits to con^a\«»t» 
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partly of mud and partly of rock ; the latter 
formed of calcareous matter incrusting shells. 
He also ascertained that particular species of tes- 
tacea (shell-fish) were grouped together in parti- 
cular places, and were becoming slowly incor- 
porated with the mud and calcareous precipitates. 
If such is the wasting effect of the waters which 
form such comparatively insignificant rivers as the 
Po and the Adige, and the quantity of drifted 
matter they convey into the Adriatic, and the 
great changes thereby effected in the course of 
a few centuries, what must be the similar effect 
of such mighty streams as the Mississippi, the Ama- 
zons, the Orinoco and the La Plata of America ; 
and the Ganges, the Indus, and the still greater 
rivers of China, with many others, each of which 
drains such an immense surface of country, and 
carries down to the sea the materials of wasted 
continents! The delta formed by the Ganges, 
one of the smallest of the above-mentioned rivers, 
extends 220 miles from the sea towards the inte- 
rior, while its breadth along the sea coast is 200 
miles ; and so great is the quantity of mud brought 
down by this river in the time of the inundation, 
that the sea is rendered turbid nearly sixty miles 
from the mouth. From experiments made with 
the greatest care to ascertain the quantity of 
earthy matter contained in the muddy water of 
the Ganges in flood time, and the quantity of 
water discharged, it has been estimated that 
during the 122 days of the rainy season, no less 
a quantity of matter is carried down to the sea 
than about 400,000,000 of tons, and during the 
whole year more than 600,000,000 of tons, or 
nearly the weight of sixty of the great Pyramids 
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of Egypt. Besides the vast quantity of mud 
poured into the bay of Bengal, the land which 
forms the delta has been gained from the sea. 
Large portions of this delta are covered with low 
wood called sunderbunds, infested by tigers and 
crocodiles or gavials, the latter in immense num- 
bers, whose remains, mixed with those of other 
animals destroyed by the inundations, must become 
imbedded and fossilized after the manner of those 
found in the older strata of the present dry land. 

The stony matter brought down by the rapid 
waters of the Rhone forms a rocky mass at its 
mouth, including great quantities of shells : and 
a cannon was taken up from the sea near the 
mouth, enclosed in a calcareous rock, and is now 
deposited in the museum at Montpellier. The 
sea is found to deepen gradually from four to 
forty fathoms, for a distance of six or seven miles, 
as far as the discoloured water reaches, which 
may give us some idea of the extent of the deposit 
of stony matter from the waters of this river, 
which may be considered to be of the third class 
in point of magnitude. 

The same operations are going on in inland seas 
and lakes. An extensive delta has been formed 
by the waters of the Rhone, at the upper end of 
the Lake of Geneva ; and an ancient town called 
Port Vallais, formerly at the edge of the water, 
is now more than a mile and a half from it. 
From the delta, which is about five or six miles 
in length, the water gradually deepens ; but the 
alluvial deposit, or mud, extends nearly two miles 
from the shore along the bottom. The waters 
which enter the lake are often exceedingly turbid, 
but at their exit at Geneva are remaik^bl^ i<^x 



44 GEOLOGY. 

their beautiful transparency, having deposited all 
the transported earthy matter. In the sedi- 
ments of such lakes, land shells, and the remains 
of animals brought down by torrents, will be im- 
bedded and mingled with those of fresh water 
shell-fish ; and where rapid rivers fall into the sea, 
the two former will be blended with those found 
only in salt water: instances of this, we shall 
have to notice, do actually occur in some of the 
upper strata of the dry land. By such processes 
as those we have endeavoured to describe are the 
surfaces of our present continents undergoing con- 
tinual waste and degradation, and their materials 
forming new strata beneath the sea ; and by such 
means, we may fairly presume, were those strata 
which now form the dry land successively pro- 
duced, and those vegetable and animal productions 
of an ancient world covered up and preserved, 
whose fossil forms excite our wonder and 
curiosity. 

Before we quit the subject of the changes which 
have formerly taken place in the relative position 
of land and sea, and the wearing down of conti- 
nents and formation of new strata beneath the 
water, the causes of which are still in operation, 
it may be interesting to notice that these changes 
did not escape the attention of the ancients. Of 
this we are assured by a passage in Ovid, the 
Roman poet, who may be considered as expressing 
the observations and opinions of the philosophers 
of his own and preceding times, which he puts 
into the mouth of Pythagoras, a Grecian sage 
who lived about 500 years before the Christian 
era, from whom, probably, they were principally 
derived. They are in substance as follows : — 
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1. Solid land has been converted into sea. 

2. Sea has been changed into land ; marine 
shells lie far from the distant deep, and the anchor 
has been found on the summit of hills. 

3. Valleys have been excavated by running 
waters, and floods have washed down hills into 
the sea. 

4. Marshes have become dry ground. 

5. Dry lands have been changed into stagnant 
pools. 

6. During earthquakes some springs have been 
closed up, and new ones have broken out ; rivers 
have deserted their channels, and have been re- 
bom elsewhere ; as the Erasenus in Greece, and 
the Mysus in Asia. 

7. The waters of some rivers formerly sweet 
have become bitter, as those of Anigrus in Greece, 
&c. 

8. Islands have been connected with the main 
land by the growth of deltas and new deposits, as 
in the case of Antissa joined to Lesbos, Pharos 
to Egypt, &c. 

9. Peninsulas have been divided from the main 
land, and have become islands, as Leucadia, and 
according to tradition Sicily, the sea having carried 
away the isthmus. 

10. Lands have been submerged by earthquakes : 
the Grecian cities of Helice and Baris, for ex- 
ample, are to be seen under the sea, with their 
walls inclined. 

11. Plains have been upheaved into hills by 
confined air seeking vent, as at Troezen in the 
Peloponnesus. 

12. The temperature of some springs varies at 
different periods ; the waters of others are inflaxsi- 
mable* 
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13. There are some springs which have a petri- 
fying power, and convert the substances which 
they touch into marble. 

14. Extraordinary medical and deleterious 
effects are produced by the waters of different 
lakes and springs. 

15. Some rocks and islands, after having floated 
and having been subject to violent movements, 
have at length become stationary and immovable, 
as Delos and the Cyanian islands. 

16. Volcanic vents shift their position; there 
was a time when Etna was not a burning moun- 
tain, and the time will come when it will cease to 
burn. Whether it be that some caverns become 
closed up by the movements of the earth, and 
others opened, or whether the fuel is finally ex- 
hausted, &c. 

Aristotle, a Greek philosopher of a later age, 
appears to have entertained similar notions ; and 
he remarks that " the changes of the earth are so 
slow in comparison with the duration of our lives, 
that they are overlooked; and the migration of 
people after great catastrophes, and their removal 
to other regions, cause the events to be forgotten." 

Strabo, a philosopher who lived in the reigns 
of the Roman emperors Augustus and Tiberius, 
speaking of the mutations of land and seas, says, 
" It is not because the lands covered by the sea 
were originally at different altitudes that the 
waters have risen or subsided, or receded from 
some parts and inundated others ; but the reason 
is, that the land is sometimes raised up, and some- 
times depressed, and the sea also is sometimes 
raised and depressed, so that it either overflows 
or returns into its own place again. We must, 
therefore, ascribe the cauao. to ^^ ^wwA ^Mch 
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is under the sea, or to that which becomes flooded 
by it ; rather, however, to the former, for that is 
more movable, and, on account of its humidity, 
can be altered with greater celerity. It is proper," 
he observes in continuation, "to derive our ex- 
planations from things which are obvious, and in 
some measure of daily occurrence, such as deluges, 
earthquakes, volcanic eruptions, and sudden swel- 
lings of the land beneath the sea ; for the last raise 
up the sea also, and when the same lands subside 
again, they cause the sea to be let down. And it 
is not merely the small islands but the large islands 
also, and not merely the islands but the continents, 
which can be lifted up together with the sea, 
and both large and small tracts may subside; 
for habitations and cities, like Bare and Bizona, 
and many others, have been engulphed by earth- 
quakes." 

At a much later period the Arabian philosophers 
were also aware of the successive changes of land 
and sea. Mohammed Kazwini, who lived about 
the end of the thirteenth century, in allusion to 
these phenomena gives the following beautiful 
fable of the travels of an ideal personage, illus- 
trative of such changes : — " I passed one day by 
a very ancient and wonderfully populous city, 
and asked one of the inhabitants how long it had 
been founded. * It is indeed a mighty city,' re- 
plied he, ^ we know not how long it has been 
founded, and our ancestors on this subject were 
as ignorant as ourselves.' Five centuries after- 
wards, as I passed by the same place, I could not 
perceive the slightest vestige of the city. I de- 
manded of a peasant who was gathering herbs on 
its former site, how long it had been destroy ^d. 
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' In sooth, a strange question,' replied he ; ^ the 
ground here has never been different from what 
you now behold it.' ^ Was there not of old a 
splendid city here?' ^ Never,* answered he, *80 
far as we have seen; and never did our fathers 
speak to us of any such.' On my return, 500 
years afterwards, I found the sea on the same 
place, and on its shores were a party of fishermen, 
of whom I inquired how long the land had been 
covered by the waters ? ^ Is this a question,' said 
they, * for a man like you ? The spot has always 
been what it is now.' I again returned 500 years 
afterwards, and the sea had disappeared. I in- 
quired of a man who stood alone upon the spot, 
how long ago the change had taken place, and he 
gave me the same answer I had received before. 
Lastly, on coming back again, after an equal lapse 
of time, I found there a flourishing city, more 
populous and more rich in beautiful buildings than 
the city I had seen at the first time ; and when 
I would fain have informed myself concerning 
its origin, the inhabitants said, ^ It is lost in remote 
antiquity ; we are ignorant how long it has ex- 
isted, and our fathers are as ignorant on the 
subject as ourselves.'"* 

* Lyell, Principles of Geology, p. 21. 



CHAPTER III. 

Origin of Springs and Rivers, and the enormous quantity of Water dis 
charged by the latter — Causes which influence the discharge of Springs 
— Intermitting Springs— Artesian Wells: the principle of them ex- 
plained ; several of them noticed : that of Crenelle. — Hot Springs : the 
cause of them explained — Causes of the failure of some attempts to 
obtain Water by the Artesian method. — Mineral Veins : Rocks containing 
them ; those of Sweden and Cornwall ; contents of the Veins ; depth to 
which some of them are worked — The powerful Pumps used in mining 
operations in Cornwall ; immense quantity of Water discharged by them 
— Direction of Metallic Veins — Displucement of Veins by Dykes, or 
Veins of Porphyry — Situations in which the richest Metallic Veins are 
found in Cornwall, Derbyshire, and Cumberland; those of foreign 
countries — Rocks in which Metallic Veins are most abundant in all 
countries — Cause assigned of the deposition of Metallic Ores in Veins. 

All springs are derived from water which rises 
by evaporation from the surface of the sea and 
land^ and is again condensed in rain and snow, 
and sinks into the earth. It has been estimated 
that about two-thirds of the water which falls 
upon the land are again exhaled from the surface, 
and therefore it is the remaining third which sup- 
plies the surface and the springs, and is conveyed 
again to the sea by the natural drainage of the 
land, the channels of rills, rivulets, and rivers. 
The effect of the silent but universal process of 
evaporation becomes very striking, when we con- 
sider the immense quantity of water discharged 
by a single river which drains an extensive sur- 
face of country ; and this is nowhere so astonish- 
ingly exhibited as at the falls of Niagara, where 
the collected waters of a large portion of the 
continent of North America, after forming in 

£ 
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their progress extensive lakes or inland seas of 
fresh water, descend perpendicularly in one im- 
mense body, 25 feet deep, and about 800 yards of 
total width, with a fall of 160 feet to the lower 
level, exhibiting a spectacle of terrific grandeur, 
more awful than imagination can conceive or 
words describe. Yet even this vast collection of 
waters, which forms the river St. Lawrence, is 
very inferior to that which is discharged by the 
Mississippi, or either of the two greatest rivers of 
the southern continent, the Amazons and the 
La Plata, and one or two others which drain the 
eastern part of Asia. The Granges, though far 
inferior in the length of its course and the space 
which it drains to either of the rivers above- 
named, is estimated by Mr. Everest to discharge 
during the period of flood 500,000 cubic feet of 
water per second. 

That portion of the water which is not dis- 
charged at once from the surface, or again evapo- 
rated, sinks into the earth till it meets with an 
impervious stratum either of clay or rock, and 
is ultimately conveyed out at some lower level, 
producing springs where the impervious stratum 
terminates upon the surface. Many springs are 
known to issue below the level of the sea, and 
discharge their waters into it at various depths ; 
and some of them are so copious, that over the 
part where they discharge, ships obtain a supply 
of fresh water. Those springs which issue at the 
lowest levels on the land, are always the most 
constant, and generally the most abundant ; while 
those which appear near the surface are not only 
less constant, but sometimes cease to discharge 
after long droughts. The cause of this dif- 
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■ference it is not difficult to underetand. The 
maaa of earth through which the water percolates 
Is the true reservoir, and if the impervious bed 
which arrestH its progress be near the surface, the 
quantity of water discharged by the spring will be 
more or less irr^ular according to the seasons; 
that is, it will be greatest soon after plentiful 
rains, and least after considerable periods of 
drought, owing to the limited depth of the per- 
vious stratum or reservoir above. When, on the 
other baud, the pervious stratum is of considerable 
depth, the reservoir is enlarged, and the irregu- 
larity of supplies from the surface is less and lese 
felt in proportion to the increased depth through 
which the water has to descend: so that Uk 
deepest or rather the lowest springs appear to 
undergo no perceptible diminution. This varia- 
tion in the constancy of springs is often mani- 
fested in deep valleys, which cut through several 
strata of no considerable thickness, which are 
alternately porous and retentive. The following 
section will assist in giving a clearer idea of the 
nature of such springs : — 



In the above section, the dotlud spaces represent 
porous beds or strata, either of sand or rock, with 
numerous fissures or cracks, and the other spaces, 
beds of intervening clay or marl. The latter, 
except when they are of immense thicka«s%, atft 
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seldom so continuous and perfect, but that they 
admit of a considerable quantity of water passing 
through them into the porous mass beneath, so as 
to keep the lowest of them constantly supplied 
from above. The whole, therefore, taken together, 
may be considered as one great reservoir, but dis- 
chi-ging springs of greater or less constancy ac- 
cording to their relative position at the points 
8 8 8y along the sloping face of the hill, — but 
generally the most copious, and always the most 
constant, at the lowest point. When rocks are of 
great thickness and have extensive fractures, the 
water is sometimes collected in a great body, and 
poured forth in such a copious volume, as to form 
a powerful mill-stream at the source, of which there 
are remarkable instances at Holywell in Flint- 
shire and Cheddar in Somerset. These springs 
issue from the mountain limestone, which gene- 
tally affords the most copious and constant supplies, 
and both of them turn several mills within a very 
«hort distance of the spot from whence they issue. 
Referring again to our section, it must be 
evident that, in ordinary cases, the quantity of 
water thrown out by a spring must depend upon 
the greater or less extent of the bed of clay that 
obstructs its downward course ; and its issue will 
take place at the lowest point of the impervious 
bed, and where it is opposed by the least resistance. 
After a long drought, the spring No. 1, from hav- 
ing the least depth of porous earth above it, will 
he the first affected and the most irregular in its 
supply of water; No. 2 will be less variable; 
and No. 3 the most constant, from being supplied 
from a larger and deeper mass of pervious earth. 
Id many instances, where the upper porous stra- 
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turn is very shallow, the upper springs cease after 
a long continuance of dry weather, and again 
pour out abundantly after heavy rains. Such 
springs may be properly called intermitting. 
But there are some springs which are alwavs 
intermitting at short intervals throughout the 
year, owing to a peculiar accidental form of the 
fissures and cavities from which they are sup- 
plied, which the subjoined cut will explain : — 




The above may be supposed to represent a mass 
of rock, with a cavity or natural reservoir, with 
fissures for the ingress and egress of the water. 
The surface water descending through the fissures 
a a a, accumulates in the cavity or reservoir ft, 
but as the only outlet is by the fissure or natural 
pipe Cy no water will be discharged until it rises 
in the reservoir above the level line of d ; when, 
however, that has taken place, the pipe c acts as a 
syphon, and discharges the whole of the water iri 
the cavity at the point 8 ; after which, the spring 
ceases until the water has again risen to the 
required level As here represented, that water 
has not arrived at that level. 

When a well is sunk in a porous stratum, into 
one that is retentive, the water rises in the well to 
a height depending upon the depth of the porous 
bed, which, indeed, should be considered the true 
reservoir which constantly replenishes the cavity 
of the welL 
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Water Is often brought to the surface by sink- 
ing what are called Artesian wells, a name de- 
rived from Artois in France, where this ingenious 
method was first adopted. This mode of obtaining 
water depends upon certain conditions of strati- 
fication, or form of the porous and retentive strata, 
which not unfrequently occur. The conditions 
of success, and the cause of the ascent of the 
water in these wells, will be suflftciently explained 
by the following representation ; in which it will 
be seen, that the beds or strata have been de- 
posited in a basin-shaped cavity or depression, or 
have subsequently had their position so altered as 
to take that form, either by the sinking down of 
the central part or the elevation of the extremities. 




The blank spaces are intended to represent im- 
pervious beds of clay, and the dotted spaces 
porous materials for containing water. The water 
enters the porous beds at the outcrop at either 
extremity, but is prevented from issuing at the 
surface by the beds of clay which overlie them ; 
though, if it had free egress, it is obvious that it 
would rise to the same level, or nearly so, as the 
outcrop of the porous beds containing it. If, 
under such circumstances, a well be sunk at a 
into the porous bed, the water will rise no higher 
than the 6, that being the level of the outcrop or 
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surface of the porous beds which supply it, and 
a pump will be required to bring it to the surface. 
But if a hole be bored at the depressed part at o 
into the same porous strata, a point of the surface 
which is much lower than the outcrop of these 
beds, the water will overflow with a force propor- 
tioned to the difference of level. In cases where, 
as in the instance here figured, two or three suc- 
cessive beds of sand and clay occur, it must be 
obvious that by sinking deeper, a larger supply of 
water would be obtained than if the well or bore 
had penetrated only to the first porous bed. 

The water which supplies the fountains at 
Charing Cross was obtained, first, by sinking deep 
wells, and then boring down to a greater depth ; 
into this bore was inserted a jointed cast-iron 
tube, through which the water ascended in great 
abundance into the well, but did not rise to the 
surface ; and thus the aid of a pump was required 
to lift it into a reservoir for the supply of the 
fountains. The same method has been resorted 
to by the great brewers of London, who obtain 
by this means a copious supply of the purest 
water. At Sheemess, a well was sunk and bored 
382 feet below the clay, in which, in the course of 
a few hours, the water rose above the surface. 
Another Artesian well was sunk at Fulham to 
the depth of 317 feet, in which the water imme- 
diately rose to the surface, and discharged 50 
gallons per minute. At the Duke of Northum- 
berland's, above Chiswick, a boring was made to 
the depth of 620 feet, when a considerable supply 
of water was obtained, which rose 4 feet above 
the surface. At Tooting, a sufficient supply of 
water was obtained to turn a wheel which raised 
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water to supply the upper part of the house ; 
and at Tours, in France, after boring several 
hundred feet, the water rose 32 feet above the 
surface, and amounted to 300 cubic yards in 
twenty-four hours. But the most extraordinary 
achievement of this kind, was that at Grenelle, 
one of the suburbs of Paris, both as regards the 
width and depth of the boring and the supply of 
water obtained. The work was commenced with 
an auger of a foot in diameter, and continued 
through all the tertiary strata into the chalk, and 
through that stratum to the depth of 1,800 feet. 
At the depth of 500 feet, a nine -inch auger was 
used ; and at 1,300 feet, one of six inches. When 
the great body of the water was reached, at the 
above enormous depth, it rushed up with great 
violence, and at a temperature of 82° Fahr., many 
feet above the surface; and has continued to 
afford a constant supply ever since, of about half 
a million gallons in twenty-four hours. 

This great work, so successfully accomplished, 
was conducted by the light afforded by geological 
science. Paris is situated, like London, on the 
tertiary or newest strata, resting upon a basin of 
chalk with green sand beneath ; and the form and 
nature of these strata afforded to scientific men 
the strongest assurance that by perseverance, 
with a large bore, a great body of water would 
ultimately be obtained. Great discouragement 
was, however, felt, when at the depth of 1,500 
feet no adequate quantity appeared ; and nothing 
but the strong conviction afforded by geological 
knowledge would have justified a continuance of 
the work, which was ultimately crowned with 
such admirable success. The reason for such 
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perseverance will appear in the annexed section 
of the strata beneath Paris : — 




4 S 2 3 4 

1. Tertiary beds of the Paris basin. 8. Upper green sand. 

2. Chalk. 4. Underlying retentive beds. 

The high temperature, 82® Fahr., at which this 
water rose and which it continues to maintain, 
corresponds nearly with what is found in mines of 
an equal depth. In every country where the earth 
has been penetrated, it has been found that^ after 
a point has been reached where the temperature 
corresponds with the mean heat of the climate, 
which in our latitude is about 50® Fahr., the ther- 
mometer rises at the rate of one degree for about 
every sixty feet of descent ; and though the rate 
of increase varies in different localities, the uni- 
versal prevalence of increased temperature has 
led to the opinion, that this must be owing to a 
general high temperature at great depths in the 
earth, and that thermal springs derive their heat 
from the same source. The phenomena of hot 
springs, though they frequently occur in the 
neighbourhood of volcanoes, appear to be inde- 
pendent of them, as they are found in countries 
where no volcanoes exist ; nor do they seem to be 
the effect of chemical action, as the waters of the 
hottest springs are remarkable for their purity, or 
the small quantity of mineral matter they hold in 
solution. Humboldt observes, that the hottest 
spring he found in South America rose through 
granite, and was very remote from any volcanic 
Yent 
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Admitting the general prevalence of heat at 
great depths in the earth, it is not difficult to 
account for hot springs, which are found in almost 
every part of the world. The dislocation which 
the strata have everywhere more or less under- 
gone, must in numerous instances have produced 
fissures to an immense depth ; into such fissures 
the water finds easy access, and to a depth where 
the rocks are constantly at a very high tempera- 
ture, and impart their heat to the waters, which 
being by this means rendered lighter, constantly 
rise to the surface with a heat corresponding with 
the depth to which they have penetrated. If hot 
springs abound more in volcanic regions than 
elsewhere, it is probably owing to more frequent 
fractures of the strata : and perhaps the origin of 
the volcano itself and its occasional activity may 
be owing to the water descending to depths where 
the heat is sufficiently great to produce by its 
presence intense chemical action and explosive 
effects. This cause of volcanic action is the more 
probable from the circumstance, that all the great 
volcanoes are either on islands or on those parts 
of the continents which border upon the sea, or if 
in the interior, near salt lakes ; and also from the 
fact, that they emit immense quantities of watery 
vapour and muriatic acid, one of the components 
of sea-salt. 

Reverting to the subject of Artesian wells, the 
probability of obtaining water by their means 
depends upon the geological structure of the 
country. The most favourable situations are those 
where alternate porous and retentive strata crop 
out at no great distance, and rise to a considerable 
elevation; under such circumstances, the fiixding 
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of water which would rise above the surface would 
almost amount to a certainty, though there are 
sometimes hidden causes, which defeat the most 
rational and well-founded expectations — such as 
dislocations and curves in the strata. To guard 
against such causes of failure, cast-iron pipes should 
be inserted in the bore. By means of Artesian wells 
a plentiful supply of water may often be obtained 
to flow over the surface, which, otherwise, would 
find its way through the porous strata to some 
remote point, where it would be unavailable. 

MINERAL VEINS. 

The ores of metals are found in beds and veins, 
in both primary and secondary strata, and also 
in unstratified rocks. The metalliferous ores in 
Sweden oc<*.ur in beds in primary mountains ; and 
beds of lead, zinc, and iron are found abund- 
antly in secondary rocks. In England, also, some 
ores are found in beds, and always those of iron ; 
but those of the other metals exist in veins. Veins 
or lodes, as they are called in Cornwall, are fissures 
or rents in rocks, of greater or less breadth, vary- 
ing from a few inches to several feet, of various 
degrees of inclination, and sometimes nearly per- 
pendicular. The veins containing tin and copper 
generally run nearly east and west, though with con- 
siderable variation ; while those which are charged 
with lead, silver, and cobalt, have a northern 
direction; and when they cro^, or intersect, as 
frequently happens, those containing tin and cop- 
per are invariably cut through and displaced, 
evidently showing the priority of formation of 
the latter. The substances generally filling the 
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veins in which the ores are confusedly blended, 
differ from the materials of the inclosing rock. 
Veins run for several miles in length without any 
decided termination, and are of unknown depth. 
Some of these have been worked to the depth of 
more than 1,500 feet. In general these metal- 
liferous veins are from one to three feet in breadth, 
and these are preferred by the miner, because the 
ores they contain are not so much mixed with 
other mineral substances as those of wider veins. 
Some parts of veins contain no ores, and are 
therefore called deads by the miners ; others are 
entirely empty, but these are of rare occurrence. 
Water prevails in all metalliferous veins, and is 
one of the most serious impediments to the 
operations of the miner ; so that before the inven- 
tion of the steam-engine the mines could not be 
wrought to any considerable depth. Pumps are 
now employed of immense power and matchless 
perfection, by which, throughout the mining dis- 
tricts of Cornwall, enormous quantities of water 
are raised day and night from the greatest depths. 
The situations of veins are often indicated at 
the surface by an ochrous substance called Gos- 
sen by the Cornish miners, and the ores are gene- 
rally found at about 80 or 100 feet from the surface. 
Both copper and tin ores are frequently found in 
the same vein, and feometimes accompany each 
other to the greatest depths. Dykes or veins of 
porphyry, called Elvan by the miners, often cut 
through the metalliferous veins and heave them 
out of their course, to the great hinderance and 
perplexity of the miner. Veins of copper ore also 
aisplace those of tin. These displacements some- 
times amount to hundreds of feet, and are the 
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cause of great delay, and often of enormous ex- 
pense, before the intersected vein can be again 
discovered. The walls or sides of the veins are 
called by the miner the country ^ and the immediate 
surface of the rock differs from the general mass, 
being sometimes harder and at others softer. The 
intersecting veins, which contain no metals, are 
called crois coursesy and the direction of the vein 
at the surface is called the strike and direction. 
'WTien the underlie or slope is considerable, the 
upper side of the confining rock is called the roof, 
and the under side the floor ; but when the sides 
are nearly perpendicular, they are called the walk. 
Metallic veins often divide, and form what are 
called strings or pipes^ and, when very small, 
threads. The section beneath of a mine affording 
tin and copper ore, with a cross course, will enable 
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North and south section of a Tin and Copper Mine. 

the reader to form some idea of the ordinary direc- 
tion of such metallic veins, and of the manner in 
which they intersect each other, and are displaced 
by the cross courses. 



62 GEOLOGY. 

In the above section it will be seen that the 
cross course has intersected and displaced all the 
lodes, and that the two lodes of copper cut through 
one of tin without displacing it. 

The mineral substances which fill up the lodes 
have little or no resemblance to the confinins: 
rocks; they consist chiefly of silex, with fluor 
spar and carbonate of lime in a crystalline state, 
and with these the proper ores are variously com- 
mingled and united, in very variable quantities, as 
a vein in one place rich becomes often in another 
very poor. In Cornwall the copper lodes are ob- 
served to be the richest at the junction of the 
granite and schist, or slate, and that the best tin 
mines are in the former rock. In Derbyshire the 
veins of lead traverse both the carboniferous lime- 
stone and the sandstone, and though rich in the 
limestone, become poor, and of no value, in pass- 
ing through the other. In the county of Cumber- 
land veins of lead ore pervade the limestone shales 
and sandstone, but are invariably the richest in 
the limestone. At Alston Moor the whole of the 
lead is obtained from this rock. In the lead dis- 
tricts of England, the veins which are productive 
run east and west, and are traversed by cross 
courses at right angles to them. 

There is every reason to believe that the mineral 
veins were not formed at the time of the consolida- 
tion of the containing rocks, but that the rents 
or fissures have been subsequently produced and 
filled with those mineral substances which they 
contain, and which differ so much from the rocks 
themselves. It is evident that many of them must 
have been formed after others had been filled up, 
from the copper lodes cutting through those of 
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tin, while the cross courses and newer metalli- 
ferous veins displace both, and produce those 
numerous faults which often obstruct and baflBe 
the miner. 

Mineral veins appear to be very partially dis- 
tributed, as in many large portions of the surface 
of the eai-th none have been discovered. They are 
generally found in hilly, mountainous, and sterile 
districts, the least inviting as places of habitation, 
from their great elevation and consequent general 
destitution of wood. The best mining district of 
Cornwall, which affords all the tin and nearly the 
whole of the copper raised in England, though of 
no great elevation, presents a sterile aspect. 

The lead mines of Derbyshire and of the north 
of England are situated in elevated and wild dis- 
tricts ; but the deep sunk valleys which descend 
from these regions often exhibit the most pictur- 
esque and romantic beauty, particularly those 
watered by the Tyne, the Wear, and the Tees. 
The mountain districts of Scotland and North 
Wales, and the elevated tracts of Wicklow and 
Wexford, in Ireland, are also rich in mineral pro- 
ductions; and it is the good fortune of the British 
Islands to excel all Europe in mineral wealth, 
of which the principal are coal and iron. 

Of foreign countries we may observe, that 
central France, and the Vosges mountains on its 
eastern frontier, afford rich veins of galena (sul- 
phuret of lead) containing much silver, with 
copper, manganese, and other metals ; and ores of 
both iron and gold are found in the south. Spain 
possesses valuable mines of quicksilver, in the 
province of La Mancha, generally found in the 
state of cinnabar, or sulphuret of mercury ; lead 
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ore 18 also abundant, and the mines of both are of 
great antiquity. Italy affords valuable metalfr, 
and the island of Elba contains an immense quan- 
tity of fine iron ore, which has furnished that 
metal from the earliest recorded times. In Ger- 
many, the Hartz mountains of the north, and 
those which divide Bohemia and Saxony, and 
Austria in the south, produce silver, copper, lead, 
and iron, with some tin and gold; while Hungary 
affords veins of native silver, and ores of lead, zinc, 
and iron. Sweden and Norway are both very 
rich in copper and iron. In Russia, the Ural 
Mountains, which divide Europe and Asia, are 
prolific in minerals, particularly in gold, which is 
found in sands mingled with iron pyrites, and also 
yield the rare and valuable metal, platinum, with 
copper and iron. 

South America, including Mexico, is proverbial 
for its great mineral treasures of gold, silver, and 
copper. Gold abounds in Brazil, and the mines 
of the north of Chili yield immense quantities of 
silver. The mines of Pasco alone yielded, it is 
said, about 180,000 lbs. of silver annually, (some 
of these mines are many thousand feet above the 
level of the sea ;) while the silver mines of Potosi, 
in Peru, are scarcely less productive. Iron is also 
abundant in most of these districts. The moun- 
tainous regions of North America, particularly 
the Rocky Mountains in the west, are said to be 
rich in metallic veins, hitherto but little explored, 
though the extraordinary abundance of gold re- 
cently discovered in California affords a promise 
of greater mineral wealth than even the long cele- 
brated regions of the south. 

It is a remarkable geological fact that all the 



DEPOSITION OF METALLIC ORES IN VEINS. 65 

districts mentioned above, both in Europe and 
America, as affording metalliferous veins, exist in 
the older sedimentary and metamorphic rocks, 
such as clay slate, quartz rock, mica schist, and 
gneiss, which have undergone great disturbance, 
and that the metals abound most where the igneous 
or unstratified rocks come in contact with the 
sedimentary. 

With regard to the manner in which the fissures 
of rocks have been filled up with metallic ores 
and other substances differing from the rocks them- 
selves, nothing has yet been satisfactorily deter- 
mined, nor perhaps ever will be, though the 
subject has much engaged the attention of some 
of the most profound geologists ; but Mr. Fox, of 
Falmouth, has shown, by some very remarkable 
and ingenious experiments, which his previous 
observations upon mineral veins led him to make, 
that there is a nigh probability that the deposition 
of the substances has been principally, if not 
entirely, effected by electric or galvanic currents 
passing through the water contained in their 
fissures, and thus causing the deposition of the 
mineral matters which they held in solution, by 
a similar action to that of the modem invention 
of electrotype plating, by which metals are pre- 
cipitated from their solution in acids. If this 
opinion should be confirmed by future investiga- 
tion, it will afford another instance of the won- 
derful phenomena of nature which the science of 
chemistry has unveiled to mankind, and an addi- 
tional proof of the constancy of those laws origin- 
ally impressed upon matter by Divine wisdom 
and power, which have operated through such 
immense periods of time as to produce the effect 

F 
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in question. Half a cebtury ago^ no day-dream 
of a disordered imagination would have been 
thought more wild than such a supposition as that 
above-mentioned; yet inductive reasoning upon 
the known laws of electro-chemical action, and 
experiments founded thereon, bid fair to explain 
one cause at least of the obscure geological pheno- 
mena exhibited hj mineral veins. 



CHAPTER IV. 

The Bxitifth Strata— Geological Map by Professor Phillips —Tabular 
arrangement of British Geology, exhibiting the order, character, and 
some of the localities of the different Strata and Rocks — Recent and 
superficial Formations — Alluvial Deposits of Rivers and their Estuaries 
— The Fens of Lincolnshire and Marshes of Somerset — Marine Alluvium 
— Banks of Pebbles on the South Coast, and the Calcareous Sands of 
Devon and Cornwall — Encroachments of these Sands at Hayle, Perran- 
zabulo, and Padstow — Loo Harbour— Encroachment of Sand-hills on 
the coast of the Bay of Biscay, and their destructive eflects. 

From the foregoing general observations on geolo- 
gical phenomena, or the structure of the visible 
featiu*e8 of the crust of the earth, with which we 
have thought it needful to premise this work, we 
shall now proceed to give a description of the 
British strata, commencing with a tabular arrange- 
ment, for the purpose of exhibiting at one view the 
whole of the series, from the most recent deposits 
to the metamorphic and primary rocks, under the 
divisions and subdivisions most generally adopted 
by British geologists. This together with the geo- 
logical sections at the end of the work will enable 
the reader, with very little application, to fix in 
his mind a correct idea of the order of superpo- 
sition of the several strata, and readily to assign 
to each, when separately considered, its proper 
place in the general series. In describing the 
strata reference will be occasionally made to a geo- 
logical map of the United Kingdom by Professor 
Phillips, recently published at a very moderate 
price. It is scarcely needful to observe that the 
inspection of such a map is almost indispensable 
to a correct and clear understanding of the subject, 
and will very much facilitate the progress of the 
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inquirer. The table will contain all the rocks 
found in any part of the British Islands. We 
must^ however, remark, that though the order of 
superposition is constant, as indicated by the 
fossil remains and mineral characters, the sequence 
is sometimes broken ; that is, rocks which appear 
in one direction, either do not exist, or are over- 
laid and obscured in others. 

^ ^abU Of tit mitisl Strata, 

ARRANGED IN THE ORDER IN WUICH THEY OCCUR, 

COMMENCING WITH THE UPPERMOST OR MORE RECENT. 



ALLUVIUM, OR ALLUVIAL BEDS. 

Character. Some of the Localities. 

Deposits of Rivers. S^nd, mud, or silt. Banks and bottoms of 

rivers, deltas at the 
mouths of rivers, bot- 
toms of lakes. 

TERTIARY STRATA. ABOVE THE CHALK. 

I Sand, clay, and gravel, Everywhere in valleys 

coiRpored of drifted and the plains beyond, 

firagments of strata, both Often on the sides and 

near and distant, con- summits of hills and 

taining the bones of ele- high inland levels. Lon- 

phants and other large don, Oxford, Glouces- 

animals. ter, Harwich, Valley of 

the Avon, Bath, &c. 

{Sands, clays, and marls, Coasts of Norfolk, Suf- 

with imbedded shells folk, and Essex, resting 

and corals, and the re- upon the London Clay, 

mains of land animals andin some places upon 

in the upper bed. the Chalk. 

v>^^,i..^,.t^»^^TLr^ /"Limestone, with clay Headon Hill, Binsted, 

Ji - j?;5r^«> *?lJand sand; and beds of Shalcombe, Whitecliff 

T.il^fv^i'J* ''**1marl containing frcRh- Bay, Isle of Wight. 

Isle of Wight (waterandmarine shells. 

{Sands, sandstones, and Bagshot Heath, Hamp- 
flint pebbles, ivith argil- stead and Highf;ate 
laceous beds. Hills, Brackleshambay. 

/Lead -colour or blue London, Isle of Sheppy, 
Tr>m^»^ni» j clay,containingnodule8 Highgate Hill, Rich- 

Lonaon Liay < ^^ cement-stone, with mond. Coast of Hamp- 

Vfossil shells and seeds, shire. 
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TERTIARY STRATA ABOVE THE CHALK— continued. 



PkuUc Clay 



Character, 

{Blue, yellow, and white 
clay; sands; and flint 
pebbles, much water- 
worn and rounded. 



Some of the Localitiee. 

Woolwich, Blackheath, 
Reading, Poole, Alum 
Bay, Isle of Wight. 



NEWER SECONDARY STRATA. 



/ 
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Upper Chalk. 



I. otcer Chalk. 



Chalk Marl or 
Malm 



Marlborough Downs, 
Salisbury Plain, South 
Downs. Dover Cliffs, 
Brighton, &c. &;c. 

Flamborough Head, War- 
minster, Shakspeare's 
Cliff, near Maidstone. 

Benson, Oxfordshire ; 
Vale of Pewsey, Wilts ; 
Guildford, &c.; Folk- 
stone, Merstham. 

Deyixes, Warminster, 
Wantage, Vale of Pew- 
sey, Shaftsbury. 

Folkstone; Maidstone; 
Isle of Wight ; Deyizes, 
Wilts. 

(Sands and sandstone. Black Down, Somerset, 

with beds of chert and and Devon ; Maidstone, 

limestone (Kentish Kent; Isle of Wight. 
Rag). 



{Soft marking chalk, 
with beds and nodules 
of flint. 

/ Harder than the above, 
iwith but few flints. 

{Clayey grey chalk, with- 
out flints, passing into 
grey sand and marl. 
Firestone. 

{Sand and' sandstone, 
with particles of silicate 
of iron. 

{Dark blue clay, with 
small concretions and 
numerous fossils. 



MIDDLE SECONDARY. 



fc . / /Weald clays, with Pet- 

S » I Wealden Clay and \ worth marble, Purbeck 
■ H ■( Iron, or Ua*tings<\itii% of limestone; Til- 
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Portland Stone. 



Sand Igate grit, or Hastings 

\ sands. 

/Imperfect gritty lime- 
I stone, containing beds 
.< and nodules of chert. 
I Building-stone of Lon- 
\don. 

m ij rfi fBlue shaly clay, with 

KimmeridgeClay.. ^nodules of septaria. 

{Imperfect limestone, 
with shells and fossil 
corals. 

„ . ^r> 1* /Siliceous and shelly 

Calcareo^Grit ....\^^^^^^^^^ 

{Blue and yellow clay, 
with Melbury marble 
turtle stone, or septaria. 

(Coarse sandy limestone, Scarborough; Kelloway 
with ammonites and Bridge, near Chippen- 
other shells. ham, Wilts. 



Wealds of Kent and 
Sussex; Isle of Purbeck; 
Lul worth; Vale of War- 
dour ; Isle of Wight. 

Isle of Portland ; Svrin- 
don; Aylesbury; Tis- 
bury, Wilts. 



Shotover Hill, Oxford; 
Isles of Purbeck and 
Portland; North Wilts. 

Calne, Wilts ; and Kirby 
Moor, Yorkshire. 

Abingdon; Weymouth; 
Filey, near Scarboro'. 

Oxford; Christian Mal- 
ford; Bedford; Vale of 
Blackmoor, Dorset. 
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MIDDLE SECONDARY— con/tiit(«d. 
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Corn&ra«A 



CAarac<«r. 

{Imperfect limestone, 
often blue and sandy. 



Bradford Clay 



„ . ^r 1.1 /Coarse slaty limestone, 

Forest Marble \abounding in shells. 

tA tenacious brown 
clay, sometimes shaly, 
abounding with fossil 
shells and corals. 

{Yellow fteestone, with 
Aragments of shells 
(Bath stone). 

{Calcareo-siliceous slate, 
sometimes passing into 
sand with shale. 



Fullers* Earth 



Inferior Oolite , 
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f A brown clay, contain- 
' \ing fullers' earth. 

(Coarse freestone, 
abounding in shells, re- 
posing upon deep beds 
of calcareous sand, with 
beds of marl. 



iBlue slaty marl or clay, 
with beds of blue and 
white Lias limestone, 
containing large ammo- 
nites and fossil bones of 
reptiles. 

/ Red clay or marl. 

I Sands and sandstones. 
New Red Sand- J with interspersed and 
stone, or Redi accumulated beds of 
Marl I pebbles of older rocks. 

I Gypsum, rock-salt, and 
\brine springs. 



Lias, 



Some of the Localities. 
Malmsbury and Trow- 
bridge, Wilts; Atford, 
Wraxhall, Chippenham, 
Wilts. 

Hinton, nr. Bath ; Mel- 
bury, Dorset ; Frome. 

Bradford, Wilts ; Ciren- 
cester. 



Farley and Combe 
Downs; and Bathford 
Hill, near Bath. 

Stamford ; Stonesfield, 
Ox on ; Sevenhampton, 
nr.Cheltenham; Cleave- 
land Hills, Yorkshire. 

Sides of the hills round 
Bath ; Olddown and 
Fortnight, near Bath. 

Bath, Doulting, Men- 
dip Hills, and Ham 
Hill, Somerset; Dundry 
Hill; Cots wold HUls, 
Gloucestershire ; Bee- 
chen Cliff, and Beacon 
Hill, Bath; YeovU and 
Ilminster, Somerset. 

Whitby, Yorkshire ; 
ValeoflSath; Lyme Re- 
gis, Dorset ; Churton 
and Street, Somerset, 
&c. &c. 

Cliffs at Sidmouth ; 
Plains of Worcester and 
Cheshire; Warwickshire, 
Nottinghamshire, &c. 
Dawlish; Exeter; West- 
em Valleys of Somerset ; 
Shropshire, and many 
Midland Counties ; 
Namptwlch; Droitwich. 
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Magnesian 
stone 



Lime- 



I 

H 



C Yellowish sub-crystal- 
j line limestone. Building 
\ stone of York Minster 
I and the Houses of Par- 
V llament. 

iBeds of coal and culm, 
alternating with layers 
of shale, sand, and hard 
gritstone, and some- 
times limestone. 



Nottingham, Mansfield, 
Notts; Knaresborough, 
Yorkshire; Sunderland ; 
Wokey Hole, Somer- 
set; Exeter. 

Northumberland, Scot- 
land, Derbyshire, Lan- 
cashire, Shropshire, 
Staffordshire, North and 
South Wales, Glouces- 
tershire, Somerset. 
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Millstone Orii 



Mountain or Car- 
boniferoiu Lime- 



stone 



\ 



Character. 

! Coarse siliceous sand- 
stone, containing mica 
and pebbles. Flagstones 
of London, and grind- 
stone beds. 

Blue or reddish compact 
limes^ne ; secondary 
marble of Derbyshire, 
abounding in caverns 
and deep fissures, and 
containing ores of lead 
and calamine. Some- 
times alternating with 
beds of shale, chert, 
and gritstone, and pe- 
netrated -vnth trap- 
rocks; often full of Derbyshire, 
^shells and corals. 



Some of the Localities. 

Accompanying the coal 
measures A-om Derby- 
shire to Northumber- 
land. 

Mendip, Somerset; Hot 
Wells, Bristol ; South 
Wales. Banks of the 
Wye, Monmouthshire ; 
Matlock, &c., Derby- 
shire, Lancashire, West- 
moreland, Cumberland, 
and Northumberland. 



M 
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/ Sandstones and conglo- 
I merates of pebbles ; 

fniA »-// UnmOMinn* } limcstones called com- 
Ola Kea banastone.\ .♦„«„ „„ j «.»^io oUo-_ 



I stones, and marls alter 
nating with slaty 
of 



beds 



sandstone. 



Devonian Rocks 



H 

H 

(0 

m 
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Upper Silurian < 



< 



Lower Silurian 



The so-called Grey- 
wacke rocks and slates 
of Somerset, North and 
South Devon, and Com- 
yraM, with slaty lime- 
stones and secondary 
marbles. 

Blue and grey clayey 
limestones; dark shales 
and flagstones, contain- 
ing marine shells and 
fishes. 

Crystalline blue and 
grey limestones, with 
various fossils. 

Dark grey shale, with 
nodules of sandstone. 

^Caradoc shelly lime- 
stone, and greenish 
sandstones, with corals 
and shells. 

, Llandeilo flacs and 
\ limestone ; freestone 
gritB and limestone ; 
dark - coloured flags ; 
beds of schist, with 
sh^ells and trilobites (a 
Jofsil crustaceoua fish). 



Cumberland; Hereford; 
Shropshire; Monmouth; 
Brecon. MitchelDean, 
Gloucestershire, and 
Portishead Point, near 
Bristol. Several parts of 
Scotland. 

Quantock, Somerset ; 
Exmoor ; Ilft'acombe, 
Coomb - Martin, and 
Kingsbridge, Devon ; 
St. Colomb, Portreath, 
and Truro, Cornwall; 
Plymouth and Babbi- 
comb, Devon. 

Ludlow Castle, Shrop- 
shire ; Aynestry and 
Woolthorpe, Hereford- 
shire. 

Dudley Castle. Worces- 
tershire ;Wenlock Edge, 
Iron Bridge, Shropshire. 

Wenlock, Shropshire. 



North and South Wales ; 
Horderly, Shropshire ; 
May Hill, Gloucester- 
shire. 

Llandridod, nr. Builth; 
Radnorshire. 
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Character. Some of the LocaHtiii. 

fPlynlimmon Rock: {f^^^^. ^^ ""^ "°'" Wy°««»°»o°' Cardigan. 

n , r . . ^ f Dark limestone, with Bala, Meripnethshire. 
Bala Ltmeitone . ... | ^j^^^^ . ^ ^^^ ^.^g^jj^^ 



5 



(Fine-grained blue roof- 
ing slates, with few 

now generally 
referred to the 
Silurian Sys- 
tem.] 

Cambrian andCum- 
, brian Slates 



} 



Snowdon, Caernarvon- 
shire. 



'Lontonind Hills, Shrop- 
shire; Barmouth; Car- 
digan;>hire ; Keswick 
and Grassmere, West- 
moreland; MullofGal- 
\ loway ; and Lammer- 
^muir Hills, Scotland. 



PRIMARY STRATIFIED CRYSTALLINE ROCKS. 



Chlorite Schist 



Mica Schist. 



< Composed of quartz and 
I chlorite, laminated. 

' Ben Lawers, Ben Lo- 
Xaminated and granu- >mond, Loch Awe, Mull 

lar, and composed prin- \ of Cantyre, Scotland. 

cipally of quartz and 
^mica. 



Gneiss. 



■\ 



^Laminated aiid granu- 
lar, and composed of 
quartz, felspar, and 
mica. The strata of this 
and the above rocks are 
very much contorted or 
twisted, and they are 
sometimes more or less 
associated with crystal- 
lized limestone, or mar- 
ble, hornblende slate, 
granular and compact 
quartz rock, &c. 



Grampian Hills, Ben- 
more Hillo, Loch Ran- 
noch, Loch Gil, Isles of 
Tiree and Coll, and 
Western Ibles, Scot- 
land. 



UNSTRATIFIED ROCKS. 



Grahite 



I Grey, red, and white, 
and composed of crys- 
talline grains of quartz, 
felspar, and either mica 
or hornblende. 



Aberdeen, Peterhead, 
Cairn Gorm, Scotland; 
Mount Sorrel, Leices- 
tershire; Malvern Hills, 
Worcestershire ; Dart- 
moor, Devon; Banks of 
the Tamar, and Land's 
End, Cornwall. 
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TRAP ROCKS. 

Character. Some of the Localitiee, 

Pn«^n&«M>« f These are uiistratified Mines and mining dls- 

jy^y^V-" [and crystaUine rocks, tricts of Cornwall ; 8a- 

nw< I which, in a molten lisbury Craigs; Edin- 

™~;5*,"" ; state, have penetrated, burgh; Isle of Staffa; 

/^r«!.-/«?*7Jl«I."" i fractured, and upraised Clee HiUs, Shropshire, 

c ^^-^f ^ I "»»ny of the stratified Mountain limestone, 

Vif^lltiL'l frocks, and produced Derbyshire; Wrekin 

serpentine ^^.j^^^ ^^^ j^^^^ jjj,j^ Shropshire; Mal- 

vern Hills, Worcester- 
shire; Lizard, Cornwall. 

RECENT AND SUPERFICIAL FORMATIONS. 

In giving a description of the several strata it is 
proposed to commence with the uppermost, and to 
proceed in the order of the table ; before, however, 
entering upou the regular strata, it will be proper 
to take some notice of those superficial deposits 
which frequently cover them up, and occupy con- 
siderable portions of their surface ; we have there- 
fore to begin with alluvium or alluvial deposits. 
These are of limited extent in our islands, owing 
to the small scale of our rivers. They consist of 
silty and muddy matter brought down by rivers 
and deposited along the banks, or conveyed to their 
mouths or estuaries, where they form low shores 
and flats of rich soil near to and along the margin 
of the sea. Of these deposits we have instances 
throughout the course of all our principal rivers, 
but more extensively on the banks of their estuaries 
or tideways, and the neighbouring sea-shores, as 
those of the Trent, the Severn, and the Thames, 
which, whenever they are sufficiently raised by suc- 
cessive deposits, and subsequently drained and 
defended by embankments from the inroads of the 
sea, afford the richest pastures, and soils of almost 
inexhaustible fertility. The fens of Lincolnshire 
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and the marshes of Somerset form the most 
valuable grazing lands in England, an acre of which 
will fat an ox, or which under the plough sustain 
for a great many years successive crops of wheat, 
without any perceptible diminution of their fer- 
tility. The quantity of silty matter borne down 
by all rivers, especially in times of inundation, is 
very great. On the banks of the Parrot, near 
Bridgwater, this alluvial soil is dug out for making 
a peculiar kind of brick, and the deep excavations 
which are made in this way are soon filled up 
again by letting in the muddy water of the estuary. 
Such has been the effect of deposition, drainage, 
and embankment upon this low tract, that extensive 
herds of cattle now graze where, within the memory 
of history, the sea prevailed, and was navigated 
by small vessels to points at present many miles 
inland. In some parts of these moors there are 
extensive beds of peat, and wherever these are 
dug through for the purpose of draining, blackened 
timber and branches of trees, chiefly oak, are found 
in great abundance, which, as they are not attached 
to the soil, were in all probability brought down 
by ancient floods, and sunk in the then wide 
estuary. From these extensive flats the drainage 
is slow, as the water is discharged into the river 
by what are called regurgitating valves, which 
close when the tide rises, to prevent the water 
flowing back upon the land ; and the discharge is 
in some situations assisted by steam pumps. The 
means applied, however, in many parts are in- 
suflScient, as a considerable portion of these moors 
is almost constantly under water during the 
winter season. These alluvial tracts are indicated 
on Professor Phillips's geological map by a 
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watery streak stretching a considerable way inland 
from the margin of the sea on the east coast, from 
Flamborough Head to Lynn Kegis, in Norfolk, 
and from Wells to Bridgwater, on the Bristol 
Channel; also at the mouth of the Thames, and 
other places of less extent. Beneath the water 
these silty deposits in the estuaries of great rivers 
form shoals, which by their continual shifting 
endanger the nayigation. 

Another kind of deposit is in progress upon our 
sea-coasts, which may be called marine alluvium. 
This consists of sands and pebbles which are 
washed up by the sea upon some of our coasts, and 
which sometimes block up harbours and interrupt 
navigation ; a remarkable instance of which occurs 
at the back of the Island of Portland, where the 
sea has thrown up an immense bank of pebbles, 
called the Chesil Bank, which, being in advance 
of the coast, and extending parallel to it for many 
miles, forms a narrow inland channel. In such 
cases the sea raises a rampart against its own 
violence and encroachment. Along the north coast 
of Devon and Cornwall at different places as far 
west as the Bay of St. Ives, calcareous sands are 
washed up by the sea and blown far inland, and 
in some places, as at Hayle and Perranzabulo, 
form high downs or hills along the coast. At the 
latter place a church was covered up and lost sight 
of for centuries ; houses also were buried, and a 

?ot of coins was dug up on a spot once inhabited. 
?his sand, which is formed chiefly of comminuted 
shells and coral, consolidates into stone by the 
infiltration of stony matter dissolved in water ; and 
the stone thus produced is so compact as to serve 
for architectural purposes, and has been used for 
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building a church. Though these sands are so 
destructive when they invade the country, they 
are nevertheless very beneficial under the control 
of man; as when they are dug below the high-water 
mark they prove very fertilizing to the adjoining 
land in the interior, and vast quantities are annually 
carried away for the purposes of agriculture. At 
Padstow these sands are said to be the richest in 
carbonate of lime, of which they contain about 
eighty per cent., and are conveyed inland by a rail- 
road principally laid down for that purpose as far 
as Bodmin, while the same motive gave rise to the 
scheme of a canal from Bude harbour to the Tamar. 
On the south, near Helston, the terrific waves 
which roll into Mount's Bay have worked up a 
high mound of sand, and blocked up Loo Harbour, 
as it is yet traditionally called, though it now forms 
an inland lake of fresh water, which sometimes 
rises so high as to require to be discharged by 
cutting a trench across the bar of sand. Blown 
calcareous sands invade other shores than those of 
England. In the Bay of Biscay large tracts of 
country are covered by them, and Sir H. T. De 
la Beche says that forests, houses, and cultivated 
lands disappear beneath them. Many villages 
mentioned in the middle ages have been covered, 
and in the department of Landes alone, ten are now 
threatened with destruction. One of these villages 
has been striving for twenty years against them, 
and one sand-hill more than sixty feet high may be 
said to be seen advancing. It has been said that 
these downs advance at the rate of sixty or seventy 
feet per annum. 
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THE TEBTIABT STBATA. 

The Tertiary Strata of England— The distinctive character of the Fotsil 
Organic Remains from those of the Secondary Strata— Foreign localities 
of the Tertiary Formations, and the very remarkable organic remains 
found in them — General nature of the structure of the Tertiary Strata. — 
The newer Tertiary beds of England — Ancient superficial deposits, or 
diluvium ; causes which produced them — Drifted Boulders — Counties 
over which these deposits are partially spread — Materials of which 
these deposits principally consist; the various situations of them in 
England, and some foreign localities, and the organic remains they 
contain — Enormous quantity of the Fossil Bones of Elephants discovered 
in the dUuvium of Sil^eria. — Norwich Crag, character and extent of — 
' Fresh-water beds of the Isle of Wight.— Bagshot Sand, its general cha- 
■ racter and extent — Sarsen Stones, or Grey Wethers — Those of Avebury 
and Stonehenge — Agricultural character of the soil, and means of 
improvement. — London Clay, general nature of— Sinkings for Water in — 
Mineral character of— Organic remains contained in — Depth and extent 
of — Agricultural character — Economical uses of the materials afforded 
. by. — Plastic Clay Formation — General character — Organic remains — 
Extent — Sections of, afforded by sinking for Water in — Descriptions of, 
in the Isle of Wight, Alum Bay — Valuable materials afforded by the 
Plastic Clay— Agricultural character of, and means of improvement — 
Conglomerates of Hertfordshire, Somerset, and Devon. — Section of the 
Tertiary beds of the Paris basin, and the great variety of Fossil remains 
contained in them. — French Burrs or Millstones. — Tertiary deposits of 
South of Europe. 

These strata include all those whicli are more 
recent than the chalk, upon which, in England, 
they are deposited in two distinct basins, one of 
which is called the London and the other the 
Hampshire Basin; but we may sometimes speak 
of the separate members of these strata without 
reference to the particular basin in which they 
are found. 
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This series of strata is remarkable for the 
great difference which exists between the fossil 
remains they contain, and those of the chalk upon 
which they repose. Almost all the older forms 
of organic life contained in the latter, the last of 
the secondary strata, disappear, and are supplied 
by others. With one or two very doubtful ex- 
ceptions, the remains of the more perfect land 
animals are not found in the secondary strata, 
but these, though of species now extinct, appear 
in the tertiary, and very abundant in certain 
localities, some of them being of gigantic dimen- 
sions. The English tertiary deposits are chiefly 
confined to the localities above mentioned, of 
which we propose to give a particular description. 
They occur also in many parts of the Continent ; 
in France, Germany, Austria, North and South 
Italy, SicUy, also in Western Asia, the Caucasus, 
and India. They appear to have been formed 
both in fresh and salt water ; the former contain- 
ing, the remains of land animals and birds, above 
alluded to, with the shells of fresh-water MoUusca ; 
and the latter, immense quantities of marine shells, 
many of which, in the newest deposits, correspond 
with those living in the adjoining seas. 

The older tertiary formation of England con- 
tains fossil wood, the seeds of extinct plants be- 
longing to warm climates, remains of serpents of 
large size, and also turtles. In one of the subor- 
dinate beds of this formation beneath Paris, im- 
mense numbers of the bones of extinct quadrupeds 
and birds are found. In the newer tertiary are 
found numerous bones of elephants and other large 
animals, amongst which are those of the ox, horse, 
and deer, which are so abundant in Norfolk that 
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the stratum containing them has been denominated 
by Mr. Charlesworth, the Mammaliferous Crag. 
In one of the beds of this series on the Khine^ at 
Eppelsheim^ more than thirty species of mammalia 
have been discovered^ and amongst them the 
Dinotherium^ the largest of terrestrial animals^ and 
equally remarkable for its peculiar anatomy; its 
length is calculated to have been at least eighteen 
feet. In India, at the foot of the Himalaya, there 
exists an extensive tertiary formation of more than 
200 miles in length, and 3,000 feet above the 
level of the sea, containing abundant fossil remains 
of various tropical animals, corresponding with 
some of those found in the basin of Paris; and 
associated with them are those of the giraffe, the 
hippopotamus, the horse, the camel, the antelope, 
and the monkey; and also a fossil tortoise, of 
gigantic size, measuring nearly twenty feet over 
the curve of the back. By the zeal and enterprise 
of Captain Cautly and Dr. Falconer, many speci- 
mens of the above fossil remains have been brought 
to England, and are now exhibited in the British 
Museum. 

Though the strata of this series are for the most 
part of a looser and less consolidated structure 
than those of the secondary, they nevertheless 
afford compact limestones, as instanced in the 
building-stone of Paris; and Sir Charles Lyell 
says that a similar limestone of great hardness 
forms a stratum of several hundred feet thick near 
the base of Mount Etna in Sicily. Having taken 
this brief and general notice of the tertiary forma- 
tions, we now proceed to give a more particular 
account of those of England. 
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NEWER TERTIARY STRATA. 
ANCIENT SUPERFICIAL DEPOSITS. 

Those superficial beds of drifted materials, con- 
sisting of boulders or large stones more or less 
water-worn and rounded, with pebbles, gravel, 
sand, and clay, whicli in many places cover up 
and conceal the regular strata, are commonly 
called detrital deposits, drifts or diluvium, because 
they consist of the fragments which have been 
torn away from their parent strata by the violent 
action of moving waters, and transported in mingled 
confusion often to very great distances. Impelled 
by such forces, large boulders have been trans- 
ported from the Cumberland mountains and driven, 
not only across plains, but over intervening hills 
of considerable elevation, and spread upon the 
land to the south as far as Bridgnorth in Shrop- 
shire, more than 130 miles from their parent rocks. 
In many other places the same action has taken 
place, and the drifted materials, consisting of the 
detritus or fragments of most of the British strata, 
have been transported from the north and spread 
over portions of the eastern and midland counties, 
including Norfolk, SuflTolk, Cambridge, Bedford, 
Huntingdon, Essex, and Middlesex. These ma- 
terials consist of clay intermingled with fragments 
of various rocks, and beds of sand and gravel 
sometimes overlaid with the flinty gravels of the 
south derived from the destruction of the chalk 
formation and plastic clay, such as that which 
partially covers the London clay and extends 
towards the west. 

These drifted beds are not only found in valleys 
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and on open plains^ but also on elevated platforms 
divided by deep and abrupt valleys from the strata 
which produced them, so that they must hav6 been 
deposited before the valleys were scooped out 
which now separate them from their obvious and 
known source. We may mention, as instances, 
the gravels which occur on the insulated hills of 
Derbyshire, and the detritus which extensively 
covers the middle oolites of Oxfordshire, as at 
Bagley Wood, containing fragments of the strata 
from the chalk to some of the oldest of the British 
series. Pebbles of chalk-flint are found upon the 
summits of the hills aroimd Bath, though divided 
from the nearest chalk in Wiltshire by abrupt 
valleys of some hundred feet deep. 

Diluvial beds cover a large portion of the central 
and northern plains of Europe and Asia, and in 
North America they occupy extensive tracts from 
the Alleghany Mountains to the Atlantic, and also 
in the great valley of the Mississippi, all testifying 
the great modification the surface of the land has 
undergone, and for beneficial purposes, as the 
soils these deposits afford are generally fertile, 
and, from the mingled materials of which they are 
composed being easily wrought, are well calcu- 
lated to reward the labour of cultivation. 

In these beds of transported materials are found 
buried the fossil remains of large extinct quadru- 
peds mixed with others of species now living. 
These remains are discovered in the gravels of 
England and in caverns, such as Kirkdale and 
others before mentioned; and it is remarkable, 
that the greater part belong to species, the cor- 
responding families of which are now only found 
within the limits of the torrid zone, or in very hot 

o 
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climates ; such as the tiger, hyena, elephant, rhi- 
noceros, hippopotamus, &c., indicating, therefore, 
a great change of climate since they were the 
inhabitants of the forests and plains of England. 

It was at one time supposed by geologists that 
these diluvial beds were all the effect of one great 
catastrophe; but this opinion has given way to 
more attentive observation, from which it is now 
generally concluded, that they have been produced 
by causes more or less local, acting at different 
periods; some, perhaps, while a large portion of 
the strata which they cover were yet under the 
water; and others by a great and extensively^ 
prevailing inundation after the surface had been 
long inhabited by animals whose remains we now 
find buried in its spoils. 

The numerous deep hollows cut through the 
nearly horizontal strata, which are called val- 
leys of denudation, attest the depth and force 
of the currents which produced them, and the 
enormous quantity of rock and earth they re* 
moved. Though in many instances the drifted 
materials are brought from great distances, the 
diluvium of different situations consists for the 
most part of the blended materials of the less 
remote and neighbouring strata; and as they con- 
sist of gravel, sand, clay, and calcareous matter, 
they generally afford deep and fertile soils, varying 
in quality according to the prevalence of the strata 
which have furnished the materials, and the con- 
sequent different proportions of each. 

The depth of these deposits is sometimes very 
great. Von Wrangel states, that on the banks of 
the Kolyma, a river of Siberia, that flows into the 
polar sea, the cliffs, about 200 feet high, consist 
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entirely of sands and gravels, forming a conglo- 
merate, or breccia, containing the l)one3 of ele- 
phantine animals, and the whole mass is cemented 
together by frozen water. The same traveller 
also mentions, that at the Lochou Islands in the 
same northern sea, and beyond the TOth degree 
of latitude, bones mingled with the tusks of 
elephants are so exceedingly abundant, that large 
cargoes have been brought away, without any 
apparent reduction of the quantity. 




THE CEAG POEMATION. 

The Norwich Crag chiefly consists of shelly beds 
of sand and loam, containing a few land and fresh- 
water and many marine shells, with very numerous 
remains of mammalia imbedded in a regular stra- 
tum, as seen in the neighbourhood of Norwich, 
and at Southwold in Suffolk. This portion of the 
crag extends from Dunwich through the interior 
of Norfolk, nearly to Cromer on the north coast, 
in length about thirty miles, with a medial breadth 
of about five miles. Another portion of the crag 
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(named coralline) forms the estuary of the Stour 
in Suffolk, along the coast to Aldborough, with an 
average breadth of about ten miles. It consists 
of beds of sand, gravel, and blue or brown marl, 
with imbedded shells, for the most part broken, 
and sometimes very much reduced. In some parts 
it presents a soft stratified rock, consisting almost 
entirely of corals and sponges. Between Dun- 
wich and Yarmouth are seen alternations of sand 
and shingle, of more than 200 feet in thickness, 
destitute of fossils. A third portion, the red crag, 
from the ferruginous character of its shelly sands, 
occurs chiefly at Walton, in Essex. In other 
parts of Norfolk and Suffolk, but superior to the 
crag, occurs an enormous mass of more than 300 
feet thick, of sand, loam, and clay, containing bones 
of terrestrial quadrupeds and drift-wood, some- 
times regularly stratified, at others confusedly 
blended with chalk and flints, and fragments of 
older rocks, septaria (cement stones), and fossils of 
the oolite series. Such is the description given 
by Sir Charles Lyell, who says that the whole 
presents a very confused appearance and blended 
character. Fresh-water formations of limited ex- 
tent overlie the crag, consisting of loam, containing 
fresh-water shells. The crag forms in Norfolk 
and Suffolk soils of fertile character, which are 
highly cultivated. The district affords but little 
water, but it is thrown up when the porous strata 
are penetrated to the underlying London clay. 

THE OLDER TERTIARY STRATA. 
FRESH-WATER BEDS OF THE ISLE OF WIGHT. 

Headon Hill, in the Isle of Wight, exhibits 
two beds deposited by fresh water, as indicated 
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by their organic remains, with an intermediate 
bed of marine origin. The upper fresh-water bed 
is covered by alluvium, which forms the summit 
of the hill. It is composed of a yellow or white 
marl, in some parts sufficiently compact and calca- 
reous to serve for building-stone ; it contains crys- 
tallized carbonate of lime in a radiated form, and 
abounds in fresh-water shells without any admix- 
ture of those of the sea. Many detached portions 
of the stratum occur in other places in the island, 
and numerous blocks of it are found in the soil 
about Cowes, Bembridge, and Binstead; and in 
the neighbourhood of Calboume and Thorley, the 
quarries of it afford an excellent building-stone. 
Beds of sandstone and clay rest upon this stratum 
of marl at Headon Hill, and there are some beds 
of calcareous matter of great density and compact- 
ness, resembling stalagmite or travertin. This 
fresh-water formation is separated from another 
beneath, called the lower fresh-water bed, by a 
stratum of marine sand, containing some marine 
and estuary shells, (Colwell Bay.) The lower 
fredi- water bed consists of a series of sandy, calca- 
reous and clayey marls, with some brownish coaly 
matter; some of these are composed almost en- 
tirely of fragments of fresh-water shells. There 
is, however, considerable difference in the quarries 
opened in this deposit. The following section of 
Binstead quarries is given by Conybeare and 
Phillips:— 

1. On the fiummit, bine clay. feet. in. 

2. Limestone, composed of coarse fragments 

of frefih-water fihells 2 

3. Do. the fragments being less coarse ..40 

4. Bo. still less 2 

5. Do. do. 16 
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FEET isr. 

6. Siliceous limeBtone 16 

7. White shell marl 10 

8. Siliceous limestone 6 

9. Sand 8 

10. Siliceous limestone rag 6 

11. Sand 50 

12. Blue clay of uncertain depth. 

According to the above geologists, and the late 
Mr. Webster, the whole of the north side of the 
Isle of Wight appears to belong to the fresh-water 
formation, though very much broken and diflScult 
to trace. The limestone, though extensively 
worked in former times for building materials, is 
now but little resorted to for that purpose. Fresh- 
water beds occur on the opposite coast of Hamp- 
shire, which, according to Mr. Webster and Sir 
Charles Lyell, are equivalent to the lower beds 
of the Island, above described. 



THE BAGSHOT SAND. 

This stratum consists principally of siliceous sand 
and sandstone, without cement, and occasionally 
including beds of marl or brick earth. These 
sands are white, yellow, and sometimes of a darker 
colour and ferruginous, and associated with beds 
of flint pebbles or pebbly sand. A white sand- 
stone of this formation was used in buildinor the 
more ancient part of Windsor Castle. The Bag- 
shot sand not only occupies the extensive sterile 
space called Bagshot Heath, but Frimly and 
!r urbright heaths, and other places of the south ; 
it also caps the heights of Hampstead, Highgate, 
and Hornsey, and extends northward to Finchley. 
To the south of the Thames it ia seen near Egham, 



BAG8UOT SAND. 87 

extending towards Guildford, and occupies a part 
of Windsor Park. It seems probable that this 
sand once occupied a greater space, and extended 
far to the west over the chalk, where the only 
remains of it are seen in the blocks called sarsen 
stones, and grey wethers of Wiltshire, of which 
the Druidical circles of Stonehenge and Avebury 
are formed. These blocks lie upon the slopes of 
the chalk hills, as well as in the more level parts 
of the country, more or less imbedded in the soil, 
in some places so numerous as to resemble at a 
distance a reposing flock of sheep. We were 
informed by a peasant in the neighbourhood of 
Avebury that the plough often strikes upon these 
stones which lie beneath the surface. 

Casts of shells are found in the sands of Bag- 
shot Heath, and the marls which contain much 
green sand afford also fossil shells. 

The agricultural character of this stratum is 
very unfavourable, as the sands are for the most 
part very arid and sterile, and therefore have 
undergone but limited improvement ; and where 
not occupied by plantations, are generally aban- 
doned to the wild and scanty productions of nature. 
Were the burdens of agriculture less heavy, and 
the population at the same time more numerous 
even than at present, hopeless tracts might be 
rendered tolerably productive, as the underlying 
stratum of clay, and the surrounding country, 
offer the means of improvement. Water can only 
be obtained by sinking into the London clay 
beneath* 
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THE LONDON CLAY. 

This formation is so called from its being the 
general substratum of London, though partially 
covered with beds of gravel and sand. It consists 
of a deep mass of yellow and blueish, or brown 
clay, sometimes approaching to red, often con- 
taining sufficient calcareous matter to effervesce 
with acids, which gives it in a certain degree the 
character of marl ; it also contains calcareous con- 
cretions in the form of nodules, called septaria 
(cement stone), with occasional beds of sandstone. 
The London clay is of various thickness, being, 
one mile east of London, only 70 feet, while at 
St. James's it was found to be 235 feet ; at Wim- 
bledon it was not sunk through at 530 feet, and 
at High Beach 700 feet. The following account 
of sinkings in this stratum are given by Conybeare 
and Phillips : — 

Section of a Well sunk at Twyford, near Acton, Middlesex. 

FEET. 

1. Yellow clay 38 

2. Lead-coloured clay, containing some fossil 
wood at 180 feet, and shales at 200 feet 
hx)m the surface 170 

3. Rock \ o 

4. Sand and clay with pebbles j 

5. Variegated clay, red, blue, and black ... 32 

6. Sand and water — thin 

7. Clay 



Section of a Well at Whitens Club House, 

VXET. 

Blue Clay 142 

Bed Clay 93 

235 
Water rose to about 45 feet from the top. 
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Section in Regents Park. 

FEET. 

Blue clay 140 

Bed clay 42 

182 
Section of a Well sunk in Swallow Street, Westminster. 

FEET. 

Gravel and loam 18 

Yellow clay 12 

Blue clay 130 

Bed clay 50 

210 
The water rose in this well to within 60 feet of the surface. 

At Kensington a section gave the following — 

FEET. 

1. Vegetable mould 

2. Flint gravel 10 

3. Lead-coloured clay 300 

4. Oyster-shells 3 to 5 

This clay contains selenite, or crystallized sul- 
phate of lime, and sulphuret and phosphate of 
iron, which injure the water for domestic purposes. 
The septaria before-mentioned are dredged up in 
great quantities at the Isle of Sheppy, after 
having been worked out of the soft cliff by the 
sea; they are then calcined, pulverised, and 
packed in casks to supply London and other 
places with cement. They consist of clay, oxide 
of iron, and carbonate of lime ; and are therefore 
called by the mineralogists argillo-ferruginous 
limestone. Nodules of this substance are fre- 
quently thrown up in digging wells and drains in 
London. The qualities of this excellent material 
are well-known in its various uses of coating and 
ornamenting buildings, and the construction of 
sea-walls and other fabrics under water ; for which 



90 GEOLOGY. 

purpose it is generally mixed with a greater or 
less proportion of sand ; but in the construction 
of the Tunnel at Kotherhithe, it was used without 
any mixture. 

The London clay is very rich in organic remains : 
fossil shells in high preservation, and of great 
variety and beauty, occur in abundance, with fish 
remains, and some species allied to the crab and 
lobster; also fossil wood, often preserving the 
woody and fibrous structure, but generally black, 
as if partially charred, and in many specimens per- 
forated by, and containing the cast of an animal 
resembling the Teredo navalis, or Borer of our 
present seas. But the most remarkable remains 
discovered in this vast deposit of ancient mud, are 
those of seeds, of which no less than 700 diflferent 
kinds have been found, all of extinct species, which 
appear to have been the production of a tropical, 
or hot climate, and some resemble the seeds of 
cocoa-nuts, and others of spices. 

The geological map of Professor Phillips repre- 
sents this stratum, with the plastic clay beneath, 
from which it is difficult to distinguish it, and the 
crag, and Bagshot sands, that overlie it, as extend- 
ing from Aldborough, on the coast of Suffolk, to 
near Ilungerford, in Berkshire ; which, with the 
exclusion of some outlying patches along the north 
coast of Kent, may be nearly traced by the sea- 
coast of Suffolk and Essex, as far as Gravesend ; 
and thence, after crossing the Thames, by the 
towns of Croydon, Epsom, Basingstoke, and 
Kingsclere on the south, to its extreme point on the 
west, at Hungerford ; from thence, returning, the 
line runs nearly east to Reading, from whence, in 
a direction more or less north-east, it passes near; 
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the towns of Windsor, High Wycombe, Watford, 
St. Alban's, to Harlow, Thorpe, Colchester, Ips- 
wich, Woodbridge, on to the sea-coast again at 
Aldborough: thus occupying the whole of Mid- 
dlesex, with a considerable part of the counties of 
Suffolk, Essex, Kent, Surrey, Berks, Hertford, 
and Hants. The above description Includes only 
that portion of these strata which rest upon what 
Is called the chalk basin of London. In the 
Hampshire, or Southampton basin, these deposits 
occupy the southern parts of Sussex, Hants, 
Wilts, and the south-east of Dorset; extending 
from near Brighton on the east, along the coast, 
including a portion of the Isle of Wight, to the 
south of Poole, by Swanage, inland to Dorchester ; 
from the latter place, the line passing by Lyme Kegis 
and Cranbourne, to Its extreme limit beyond Salis- 
bury ; thence, turning to the south-east, it passes 
considerably to the north of Romsey and South- 
ampton, by Chichester and Arundel, to its termi- 
nation on the coast, west of Brighton. 

The London clay nowhere reaches a great 
elevation, its highest point being near High Beach, 
Essex, where It is 759 feet above the level of the 
sea. Langdon Hill, also In Essex, Is 620 feet ; 
Shooter's Hill, in Kent, 446, and Hampstead and 
HIghgate, on the north of London, about 400 feet 
above high-water mark. 

Water Is obtained in and about London by 
sinking through the superficial gravel, which is 
seldom many feet deep, and from such shallow 
sinkings the public or street pumps are generally 
supplied. But when larger quantities are required, 
as for the use of brewers and distillers, the sink- 
ings or borings are continued through the London 
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clay to the sands or gravels of the Plastic clay 
beneath, and in some instances to the chalk, from 
which copious supplies of excellent water are 
obtained. We have before alluded to the Artesian 
process adopted for this purpose. 

With regard to the agricultural character of this 
formation, it has the usual defects of clays, both 
in wet and dry weather, driving up before the 
plough when in a moist state, and opening with 
wide cracks during droughts. It is, however, 
made very productive under spade-culture, aided 
by a plentiful supply of manure, particularly in 
the immediate neighbourhood of London. With 
the exception of the large market-gardens sur- 
rounding the metropolis, nearly the whole of 
Middlesex, and parts of the adjoining counties, 
are devoted to grass, for the supply of milk and 
hay. The most productive soils, both in pasture 
and under garden culture, are afforded by the 
alluvial flats on the banks of the Thames, and the 
gravels are turned to good account, both as garden 
and nursery grounds. 

The situation of London upon this deep bed of 
clay, is perhaps the most favourable that could be 
selected, as itaffords an inexhaustible supplyof brick 
earth,^ a building material the best adapted to 
domestic architecture, with an almost equally 
convenient supply of lime and cement; the for- 
mer from the n^ghbouring chalk, and the cement 
from the mass of clay itself. By the ingenious 
application of the latter, the dusky monotony of 
long ranges of brick buildings has given place to 
the various pleasing styles of architectural design, 

* A great portion of the brick earth is derived from the super- 
£ciAl beds of clay and loam irhicih. o^^ilk the London clay. 
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without incurring either the expense or dampness 
of massive stone buildings. 

THE PLASTIC CLAY. 

This is the lowest member of the English ter- 
tiary formations, or rather of the older tertiary, 
or Eocene, under which head it is now associated by 
some of our most eminent geologists with the 
London clay above it ; indeed, in some case% it 
would be difficult to draw a line between them 
which would not be considered an arbitrary and 
groundless distinction. There are, however, cer- 
tain general characteristics which appear to justify 
the separation, or at all events to entitle them to 
a separate consideration. 

This stratum, or as it may now be called, 
division of the London clay, consists of numerous 
alternating beds of sand, clay, and pebbles. It 
has received its name from its resemblance to a 
similar deposit in the Basin of Paris. The sands 
are of almost every colour, which are beautifully 
exhibited at Alum Bay, in the Isle of Wight, 
where this stratum being thrown upon its edge, 
presents the varied-coloured sand in distinct ver- 
tical stripes, from a pure white to a deep red. The 
white sand is extensively used for glass-making in 
the northern manufactories. The clays also are 
of different colours, and according to their quality 
are denominated fire, brick, pipe, and potters' 
clay ; the two latter are dug in the Isle of Wight, 
but the chief supplies for the potteries of StaiFord- 
shire are obtained from the neighbourhood of 
Poole, in Dorsetshire. Fuller's earth is stated 
to be found in this stratum near E.eadin^« 
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Beds of brick and potters' clay occur in de- 
tached masses on the summits of the chalk hills 
of Wiltshire and Dorset. The beds of pebbles 
consist of chalk flint, small and exceedingly 
rounded, or water-worn, a deep mass of which 
may be seen at the edge of Blackheath which 
overlooks Greenwich to the west. Iron pyrites 
occurs in the white clay of Poole and of Alum 
Bay ; in the latter place so abundantly as to have 
been used formerly for the manufacture of alum ; 
selenite and fibrous gypsum are also found In the 
same locality in this clay, and at Newhaven, on 
the coast of Sussex. 

The organic remains of the plastic clay consist 
of various shells and the teeth of fishes, corre- 
sponding nearly with those of the London clay, 
with imperfect wood-coal^ exhibiting, In some cases, 
the branches and leaves of plants which appear 
to have been the produce of a warm climate. At 
Woolwich, near London, these beds contain shells 
belonging to fresh-water genera. 

In describing the extent of the London clay, 
we have given the extreme boundary of that and 
the plastic clay together, in both the London and 
Southampton basins, the water-limits being gene- 
rally occupied by the latter, which covers the 
largest space on the western portion of each basin. 

There are two means by which we obtain a 
knowledge of the masses of materials of which 
the strata are composed ; the first afforded by the 
convulsions of nature and the action of water, by 
which the edges of the strata are laid bare to our 
inspection, and the latter by sinkings made in 
mining operations, and for the purpose of obtain- 
ing water. Both these means of inspection are 
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aflTorded in the plastic clay ; but the latter more 
abundantly than in many other strata, from the 
frequent perforations of it to supply the great de- 
mand in and about London ; an account of many 
of which is given in that instructive work, the 
" Outlines of Geology," by Conybeare and Phil- 
lips, to whose labours English geology is much 
indebted. The following particulars of sinkings 
are derived from the above authority, which 
show the very mixed and alternatinor character 
of the materials of this formation or deposit, and 
which, together with that which is open to the 
day in other parts, manifest the great diversity 
of the beds of which it is composed in different 
localities. 

Section afforded by the Sinking of a Well at Liptrap and 
Smith's DiUUleryt one mile east of London^ the surface of the 
ground being 36 feet above high-water mark, 

A Uuvium ^ ^ ^^^ ^^ earth. 

'*(22 ,, gravel and sand^ containing land-springs. 

blue clay. 

sand ; a spring. 

soft blue clay. 

a kind of marl, yielding some water. 

yellow clay. 

blue clay intermixed with gravel. 

bard brown clay ditto. 

green-coloured sand and gravel. 

small gravel and sharp sand ; a spring. 

green-coloured clay. 

light-coloured sand. 

flint and chalk — mostly flint ; a spring. 

hard chalk and flint. 

ditto, ditto. 

ditto, ditto ; a spring. 

ditto, ditto ; no water. 
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After sinking a well to the depth of 106 feet, 
the remainder, 264 feet, was bored vivt\i «^w ^\^pX- 
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inch auger ; the water rose to within 36 feet of 
the surface, and the springs from the chalk yielded 
the greatest quantity. 

Section afforded by Sinking a Well at Mr. Joseph Foster'Sf at 
Bromley, near Stratford-le-Bow, Middlesex. 

Alluvium . . 18 feet of loam^ clay^ gravel, and sand. 
London clay 44 „ blue clay ; water beneath. 
2 „ blue clay. 

1 „ clay ; sand and shells mixed. 
4 f, gravel, sand, and shells. 
4 „ fine sand. 
9 „ blue and yellow clay. 
4 „ sand and shells, with large lumps of 
pyrites; a spring of soft- water suffi- 
cient to fill a 2^-inch pipe. 
9 „ blue clay, with abtindance of broken 
shells, some resembling oysters. 

1 foot of solid limestone. 

22 feet of sand and small rounded pebbles, like 
those at Blackheath. 

2 „ blue clay, very hard and firm ; copious 

springs of water, which threw much 
fine white sand into the pipe. 

120 



The different beds of the plastic clay are re- 
markably exhibited in the disturbed and vertical 
position of them in the Isle of Wight, and are 
thus described in the work above mentioned : — 
^* The stratum next on the north to the nearly 
vertical chalk of Alum Bay is chalk-marl, then 
succeed green, red, and yellow sand, together 
about 60 feet in thickness, and in the same posi- 
tion; and afterwards a bed of dark-blue clay, about 
200 feet thick, containing much green earth and 
nodules of dark-coloured limestone, enclosing a 
few fossil shells. Next follows a vast succession 
of beds, of various colours, 321 feet in thickness; 
next to which, and in the middle of the bay, is a 
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very nomerous succession of beds, which contain 
a lfu*ge proportion of pipeclay, of various colours, 
white, yellow, grey, and blackish, which alternate 
with beautifully coloured sands. The clay is 
sometimes in beds several feet in thickness, with- 
out any admixture, and sometimes in laminas not 
a quarter-of-an-inch thick, with sand between 
them, the whole being about 543 feet in thick- 
ness. Near the middle of these latter beds are 
three beds of a sort of wood-coal, the vegetable 
origin of which is directly indicated by the roots 
and branches still to be observed in it ; it some- 
times splits into irregular layers, in the direction 
of the beds, and the cross fracture is dull and 
earthy. It bums with difficulty, and with very 
little flame, giving out a sulphureous smell. About 
150 feet on the north are five other beds of coal, 
similar to the preceding, each a foot thick. On 
the north of tne whole of these beds are several 
layers of large water-worn black flint pebbles, 
imbedded in deep yellow sand, to which succeeds 
a stratum of blackish clay, with much green earth 
and septaria, 250 feet in thickness, and analogous 
to the London clay. These strata extend quite 
across the island, in a vertical position, keeping 
parallel to the chalk, and appearing again at the 
White Cliffs Bay, on the east end, where, how- 
ever, they are much concealed by grassy slopes. 
The sands, marls, and clays are of every possible 
variety of shade and colour, giving to the cliff* in 
Alum Bay, which is about 200 feet high, when 
viewed at a little distance, a very beautiful appear- 
ance. The number and variety of these are end- 
less ; they may be compared to the stripes on the 
leaves of a tulip, and are almost equally bright. 



98 GEOLOGY. 

On cutting down pieces of the cliff. It is asto- 
nishing to see the brightness of the colours, and 
the delicacy and thinness of the several layers of 
white and red sand, (some of which do not exceed 
the eighth of an inch,) shale and white sand, 
yellow clay, and white or red sand, and, indeed, 
almost every combination of these materials. The 
forms of particular parts of this cliff, when viewed 
near, and from the beach, are often of the most 
picturesque and even sublime kind, resembling 
the weather-worn peaks of alpine heights. The 
fact is, that the weather has worn away the softer 
parts, leaving the more solid sharp and pointed." 

From what has been stated above, it will appear 
that the plastic clay formation affords valuable 
materials for economical purposes; as sands for 
glass-making, and clays for bricks, pottery, and 
pipe-making; but its agricultural character, as 
might be expected from the nature of the different 
beds, is, upon the whole, unfavourable, as it pre- 
sents on its surface the two extremes of a very 
loose sand, and a very stiff, intractable clay. Even 
fir-trees thrive but indifferently upon the former, 
as in the tract round Poole; but the clay soil, 
where the stratum thins out, is improvable by the 
chalk beneath, which in many places is sunk into, 
and used as a top-dressing with great effect. 

The siliceous conglomerate (pudding-stone) of 
Hertfordshire, of which large blocks are scattered 
here and there over the chalk, and even as far west 
as Somerset and Devon beyond its present limits, 
consists of rounded pebbles of this stratum, united 
by a siliceous cement, and affords another indication 
of the extensive destruction of this formation. 

The tertiary deposits of the Paris basin, which 
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have been before alluded to, differ very widely in 
mineral character from those of England, as will 
be seen by the following tabular statement of 
them by Sir Henry De la Beche, commencing 
with the lowest bed. 

i Plastic claj. 

1. Fresh-water fomiation , < Lignite (wood- coal). 

V First sandstone. 

2. First marine /ormcUio9i . Calcaire grossier (coarse limestone). 

( Siliceous limestone. 

3. Freahrtoater formation . < Gypsum, with bones of animals. 

( Fresh-water marls. 

( Gypseous marine marls. 

4. Second marineformaUon < Upper marine sands and sandstones. 

y Upper marine marls and limestones. 
i Mill-stones with shells. 

5. Freshrwater formation . < Shelly mill-stones. 

(, Upper fresh- water marls. 

These beds contain a great quantity of organic 
remains ; but the most remarkable in this respect 
are the gypsum beds, in which are imbedded the 
fossil bones of a great variety of extinct animals, 
including quadrupeds, crocodiles, birds, fish, and 
shells, of which a particular account has been 
given by the late Baron Cuvier. The siliceous 
mill-stones are imported into this country under 
the name of French burrs, and are an extensive 
article of commerce. The tertiary deposits occupy^ 
a considerable portion both of the north and south 
of France ; they surround the bases of the Alps, 
and in Italy form the advanced and lower ridges 
of the Apennines through their entire length, and 
cover a considerable portion of Sicily, where they 
are of great thickness and elevation. Sir Charles 
Lyell, in describing the tertiary formations of 
Sicily, states that one member of the newest of 
them, the great limestone, is no less than eight 
hundred feet thick. 
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— Portland Quarries — Dirt Bed and Fossil Trees. — Kimmeridge Clay — 
Mineral character and contents — Imperfect Coal — Organic Remains — 
Saurians — Ammonites and Belemnites — Thickness — ^Agricultural cha- 
racter, and Water. 

The chalk, which forms the uppermost member 
of this group, is one of the most remarkable and 
extensive of the British strata, and consists almost 
entirely of carbonate of lime, with occasional 
bands or beds of black flints. The deposition of 
this vast mass of calcareous matter appears to 
have been principally effected by the instrumen- 
tality of very minute microscopic shell-fish, so 
exceedingly small that Ehrenberg computes that 
one cubic inch of chalk contains at least a million 
of them, and that, when diffused through water, 
tbey are a long time in subsiding, and are with 
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difficulty separated from it. When a coat of 
whitewash made from chalk is examined with a 
powerful microscope, it exhibits a mosaic-work of 
these minute shells. The flints also appear to 
have had a similar origin, and to be derived from 
animalculas with siliceous shells, which have be- 
come consolidated by segregation round other 
substances, generally sponges, which served it as 
a base. These bands of flints may be seen along 
the face of the chalk cliffs on the south coast of 
Kent, and are mostly confined to the soft, or 
upper bed of the chalk. Though the tertiary 
strata, previously described, occupy a consider- 
able portion of the surface of the chalk, a much 
larger extent remains uncovered. From Flam- 
borough Head, on the coast of Yorkshire, it ex- 
tends, in a south-easterly direction, to the Wash 
of Lincolnshire ; commencing again on the north 
coast of Norfolk, it proceeds in a south-west direc- 
tion, and occupies a considerable portion of the 
counties of Norfolk, Suffolk, Cambridge, Hert- 
ford, Oxford, Berks, Wilts, and Dorset, to the 
channel near Weymouth. From the great cen- 
tral space of Salisbury Plain, it takes an easterly 
direction, by Andover, Alton, Guildford, Reigate, 
Wrotham, Rochester, to Rarasgate, Deal, and 
Dovor, on the east coast of Kent. In another 
direction, from Salisbury Plain, it proceeds, by 
Winchester, Arundel, and Lewes, to Brighton, 
Newhaven, and Beachy Head, on the channel. 
It also passes through the centre of the Isle of 
Wight, from the Culver Cliffs on the east, to 
the white Cliffs and the Needles at the western 
extremity, occupying a large part of Hampshire, 
and greater or less portions of Surrey, Sussex^ 
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and Kent, by those two southern divisions of its 
course. Chalk also occurs in the north of Ireland. 
The surface of the chalk presents frequently 
throughout its course bold eminences of rounded 
form, and steep escarpments or acclivities, while 
its extensive surface is everywhere more or less 
deeply furrowed; and these furrows or valleys 
extend beneath the plastic clay, as may be seen 
on the banks of the lower part of the Thames, 
when on the face of the cliff they are seen to be 
filled up by the sand, clay, and gravel of that 
formation. It is evident, therefore, that before 
the deposition of the plastic clay, the chalk had 
undergone deep erosions and extensive denuda- 
tions from the violent action of water, which is 
further attested by the immense quantity of 
rounded chalk flint or chert pebbles contained in 
the stratum above it, derived from the cretaceous 
beds, of which the thick accumulation of gravel at 
Blackheath and Bexley are remarkable instances. 
This destruction of the chsilk has taken place most 
extensively in the west, where the valleys cut 
deeply through it, as that of the Stour, in Dorset- 
shire. In this valley, through which the river flows, 
numerous lateral valleys, or hollows, descend, now 
destitute of water, but the depth of chalk through 
which they are cut attests the force of the torrents 
by which they were formed; and it is very re- 
markable that wherever these now dry valleys 
open upon the main one, the river recedes to the 
opposite side of the vale, and is often driven close 
under an abrupt cliff, evidently owing to the force 
of the currents which descended through the 
lateral valleys during the period when the great 
work of destruction took place, and diverted the 
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main stream from side to side, producing that 
winding course which the present feeble current 
is seen to pursue. Between the Marlborough 
Downs and Salisbury Plain the chalk has been 
extensively destroyed, and the great denudation 
forms the fertile vale of Pewsey. The slopes, or 
escarpments of the chalk hills, on either side are 
more or less abrupt, those on the north being the 
most lofty, forming the bold heights of St. Anne's 
and St. Martin's hiUs ; and the prevalence of the 
chalk at one time over the intervening space is 
rendered evident by the outliers of chalk, or 
chalk marl, which at different points stretch far 
into the vale, the centre of which is greensand. 
This beautiful vale extends east and west, but on 
the south side a narrow valley opens, in which the 
Avon pursues its course to Salisbury and the 
south channel. Some outliers or detached parts 
of the chalk extend as far as Chard, in Somerset, 
and the valley of the Axe in Devonshire ; and 
chalk flints are found on the summit of the Black- 
down, overlooking the vale of Taunton Dean. 
The chalk attains very considerable elevations in 
different parts of its range. Welt on Beacon, in 
Yorkshire, rises 809 feet above the level of the 
sea; Inkpen Beacon, in Wiltshire, is 1,011 ; and 
St. Ann's Hill, the highest point of the Marl- 
borough Downs, is scarcely less ; while the thick- 
ness of the whole of the beds of which it is com- 
posed has been variously estimated at from 600 
to 1,000 feet. Near Dover the measure of these 
beds amounts to 620 feet ; and at Handfast Point, 
on the coast of Dorset, they attain to 800 feet ; 
but the vertical beds at the Culver Cliffs, Isle of 
Wight, are of much greater thickness. 
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The different portions or beds of the chalk 
formation Tarj considerably in their chemical and 
mechanical stracture. The upper portion, or that 
which forms the soriace of tne larger portion of 
the chalk districts, consists of soft marking chalk, 
contaimng beds of flints of greater or less thick- 
ness, which are extensivelj raised for making 
roads ; this chalk is nearly pore carbonate of lime, 
as much as 98 per cent^ with a small portion of 
almnina and magnesia, and, according to Smeaton, 
when well burnt, makes as good lime as the 
hardest marble, and is that which is almost ex- 
clusively used for building purposes in London, 
supplied irom the numerous kilns along the banks 
of the lower portion of the Thames. The next 
bed or stratmn beneath is much harder, and con- 
tains fewer flints, of which it is sometimes almost 
destitute. This portion of the chalk is so flrm as 
to be used for building stone, and in the neigh- 
bourhood of Dover is blasted and squared for 
building sea walls and other durable works. It 
was formerly used in the construction of churches, 
and the delicate ornaments in the ruins of some of 
them attest its durability; amongst others, the 
abbey at St. Omars, which is entirely constructed 
of chalk, retains all its beautiful ornaments in 
great perfection. The lowest portion of the chalk 
IS of much softer consistence, containing a con- 
siderable portion of alumina, thus forming a chalk 
marl which graduates into the greensand beneath. 
The principal extraneous mineral matters in the 
upper chalk are flints and iron pyrites, with small 
portions of siliceous sand, from the latter of which 
it IS never perhaps entirely free. In making 
whitening, the sandy particles are separated by 
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grinding the chalk and floating it with water, so 
as to allow the flinty particles to subside. 

Besides the innumerable microscopic shells, 
which, as observed above, constitute a large por- 
tion of the bulk of the chalk, it abounds in others 
of a larger size and of great variety, with the 
remains of crustaceous animals, fish, sharks' teeth, 
and gigantic reptiles; but no remains of mam- 
malia or the more perfect quadrupeds have yet 
been discovered ; and it is a most remarkable fact 
that these fossil remains differ altogether from 
those contained in the tertiary strata above the 
chalk, and that no two species are common to 
both. Fossil plants are also found in the chalk, 
which, with the animal remains, appear to have 
been of marine origin. Fossil wood has also 
been discovered, penetrated with a boring shell- 
fish, after the manner of the drifted wood of our 
present seas. Sir H. T. De la Beche has given 
copious tables of fossil remains found in the chalk. 

A large portion of the upper chalk districts is 
devoted to sheep pasture ; and by the practice of 
the folding system, which prevails in the south of 
England, serves to enrich the adjoining arable 
land, and enable it to afford crops of great and 
uniform luxuriance. A considerable portion has, 
however, been brought under cultivation ; and 
where it is covered with a hazel coloured soil, 
which is aluminous and fiinty, good and even 
abundant crops are obtained, both of wheat and 
barley, by the aid of turnip culture and the 
sheepfold. The lowest portion, or chalk marl, 
produces strong wheat and bean lands bearing the 
heaviest crops ; and when it blends with the sand 
beneath, aflbrds soils of the most fertile character 
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for every kind of crop. Their grjat fertility is 
perhaps principally owing to their containing a 
considerable portion of phosphate of lime, which 
has recently been discovered in the beds at the base 
of the chalk in the neighbourhood of Famham, and 
in the Isle of Wight throughout its whole length, 
where the marl containing this valuable substance 
is said to be from one to three feet thick. There 
is little or no doubt but similar deposits might be 
found along the base of other portions of the 
chalk, the discovery of which would supersede the 
expensive use of bones over a considerable por- 
tion of the neighbouring soils, and especially those 
of the greensand, and thus afford another instance 
of the benefit of geological science to the practice 
of agriculture. 

Though the chalk districts are, for the most 
part, destitute of timber, and unfavourable to its 
spontaneous production, and therefore present an 
exposed and naked appearance, yet the beech 
thrives well, and often grows with great luxu- 
riance, as may be seen in many places to the 
north and west of London, as at Tring and 
Henley, and some parts of Hampshire; and the 
Chiltern Hundreds, in Oxfordshire, are said to 
have been once covered with woods and thickets 
of beech, which harboured numerous banditti, 
and gave rise to the oflfice of the Steward of 
the Chiltern Hundreds, now a mere pretext for 
vacating a seat in Parliament. There can be no 
doubt that if the extensive exposed tracts, such 
as that of Salisbury Plain, were judiciously planted 
with deep belts of beech, the value of the inter- 
vening land would be much enhanced by the 
i/»proyement of the climate, and the shelter thus 
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afforded both to plants and animals. The deep 
trenching and planting such tracts would afford 
employment to numerous labourers when other 
occupation cannot be obtained, and would, at the 
same time, be one of the most provident appli- 
cations of superfluous wealth. 

The chal£, from its absorbent and porous 
nature, affords no water when sunk into, unless 
penetrated to a great depth, but it accumulates in 
the fissures of the lower portion, and copious 
springs of excellent water are thrown out at the 
base of many of the hills, where its downward 
progress is intercepted by the underlying chalk 
marl. The rivers which flow from the centre of 
Wiltshire to the South Channel, as well as the 
Kenneth which joins the Thames, derive their 
waters from this source. Abundant streams of 
water pour from the base of the chalk into Lul- 
worth Cove; and the rivulets which supply the 
Wandle, in Surrey, have a like origin. These 
streams, which flow from the lower beds of the 
chalk, produce the best water meadows in Eng- 
land, and none excel those found along the course 
of the Kennet and the Avon, where irrigation is 
carried to great perfection, and produces astonish- 
ing crops of grass. 

THE GREENSAND. 

{Including the Upper Greeksand, Gault, and Lo-vter Greensand.) 

This formation extends, with but little inter- 
ruption, from Haldon Hill, on the west of Exeter, 
and the Blackdown, in Devonshire and Somerset, 
to within a few miles of the Humber, accom- 
panying and cropping out from beneath the chalk 
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through the greater part of its range on its western 
edge. It appears again from beneath the chalk 
at Folkstone, in Kent, and extends by Maidstone, 
Sevenoaks, and Godalming to near Alton, whence, 
trending southward and eastward, it continues by 
Petersfield, Medhurst, Steyning, and Lewes, to 
near Beechy Head, on the Channel. The green- 
sand consists of two strata, separated by a bed of 
blue clay, or marl, called gualt, containing nume- 
rous fossils ; the sand is siliceous, and derives its 
name from green particles of silicate of iron, which 
are dispersed through it. Beneath the surface it 
forms a soft rock, in which sandy particles are 
united by a calcareous cement, sometimes con- 
taining beds and nodules of chert, veins of chal- 
cedony, and masses of limestone, called Kentish 
Rag, of which the brown lime used in London 
for forming concrete is made. Chert and chal- 
cedony occur more frequently in the west, as on 
the Blackdown, and the heights above the valley 
of the Axe, and Sidmouth, at which latter place 
beautiful pebbles of this kind bestrew the sea- 
shore jfrom thence to Charmouth, and to whick 
continual additions are made by the falling down 
of the greensand, which here caps the lofty cliffs 
of sandstone and red marl. The quarries of 
Blackdown furnish the valuable scythe stones of 
the south of England, and durable building stone 
is obtained in the same range, of which the Wel- 
lington monument, or tower, on that ridge is 
built. This stone when first taken from the 
quarry is quite soft, but soon hardens by exposure. 
Through the eastern counties the greensand is 
generally level, but on the west rises into bold 
eminences, as at Stouilvead and Blackdown, in 
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Somerset and Devon, and the Pilsdon and Leusden 
Hills, in Dorset, which rise to seven or eight 
hundred feet above the level of the sea. The 
greensand contains in some places iron pyrites 
(sulphuret of iron), with occasional masses of 
other kinds of iron ore. The organic remains are 
very numerous, and nearly correspond with those 
of the overlying chalk, amongst which are several 
kinds of ammonites; and the other shell-fish are so 
numerous, that the quarries of the Blackdown 
alone, according to Conybeare, afford no less than 
150 different species. These fossils are generally 
highly preserved as to their external form, fre- 
quently presenting a perfectly silicified and 
polished form of the original, with all its minutest 
points and angles. Silicified wood is sometimes 
discovered penetrated with borers. 

The agricultural character of this formation is 
various. The more level lands of the eastern part 
of the kingdom possess considerable fertility, and 
afford some of the best turnip, potato, and barley 
soils in the south of England, as well as for market- 
gardening upon a large scale, for which it is admi- 
rably adapted, both b v its warm colour and the facility 
with which it is cultivated. The fertility of this 
sand as it approaches the chalk, which it underlies, 
has been already noticed, which is, perhaps, partly 
owing to the very favourable mechanical mixture 
of the soil, but probably more to the beds con- 
taining phosphate of lime, which, as mentioned 
above, has been recently found at the junction 
of the sand with the overlying chalk. To the 
westward, where the greensand rises into bold 
elevations, as at the Blackdown, in Somerset and 
Devon, and where it is cut through by the valleys 
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which descend to the souths the soil becomes 
poorer and cherty, and for a considerable extent 
affords only poor sheep pastures, or is covered 
with heath. 

Springs appear not to be abundant in this 
stratum, and the well-sinkers penetrate to a con- 
siderable depth for water; in some instances 
from 80 to 120 feet, where probably the water is 
sustained by the weald clay. The thickness of 
the greensand has been variously stated, but 
perhaps nowhere much exceeds 300 feet All 
estimates of the thickness of strata must be re- 
ceived with considerable latitude, as in any one 
great variations will occur in different localities, 
partly owing to the degradation of their extre- 
mities, and partly to the irregularities of the 
strata upon which they rest; an approximation, 
therefore, is all that can be expected in giving the 
thickness of any of the strata. 

MIDDLE SECONDARY STRATA. 
THE WEALDEN FORMATION. 

This formation, the next in the descending order 
to the cretaceous, consists of three strata of very 
distinct character, but all of fresh-water origin, as 
indicated by their fossil organic remains; viz. 
the Wealden clay, the Hastings sands, and the 
Purbeck beds. These strata, which are confined 
to the south of England, occupy the larger portion 
of Kent, Surrey, and Sussex, with a part of 
Hampshire, extending from the coast at Hythe, 
in Kent, westward nearly to Petersfield ; and 
from Hastings, in a northerly direction, to beyond 
Tunbiidge ; there are a\ao t^o detached portions, 



THE WEALDEN FORMATION. Ill 

one on the south-west coast of the Isle of Wight, 
and the other at the Isle of Purbeck, on the coast 
of Dorset. The thickness of the whole of this 
fresh-water deposit has been estimated at no less 
than 2,000 feet 

THE WEALDEN CLAY. 

This is the uppermost member of the Wealden 
group, which appearing from beneath the greensand 
above described, surrounds and rests upon the 
Hastings sands, or iron sands of Tilgate Forest, 
except for a few miles on the coast, where the 
latter stratum forms the shore of the channel, 
from Ben Hill to Hythe, on either side Hastings. 
It appears also in the Isle of Wight with its 
accompanying sand, where it may be traced under 
the greensand, and was the cause of the remarkable 
landslip, which took place at Black Gang Chine in 
1799. 

This stratum consists of beds of dark-coloured 
clay, varying to blue marl of a somewhat friable 
texture, containing subordinate beds of a peculiar 
argillaceous limestone full of shells, which, from its 
capability of receiving a fine polish, and exhibiting 
great beauty both of colour and consistence, has, 
under the name of Petworth marble, been exten- 
sively used for ornamental purposes, and especially 
to form members of the clustered shafts of our 
cathedrals ; it is, however, of so fragile a nature, 
as frequently to separate under the hands of the 
workman, and therefore is much less used than 
formerly. Some quarries are still kept open for 
this stone, near Kindford, and North Chapel, 
Surrey. The tenacious character, and consequent 
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stiffness and coldness of the Wealden clay, render 
it unfavourable to the operation and purposes of 
agriculture, and better adapted to the production 
of timber and underwood, but especially of oaL 
Draining, to get rid of superfluous moisture; 
burning, to render it more friable ; and the mixture 
of the sands and chalk which lie on either side of 
this clay, offer obvious and practical means of 
improvement. The water which percolates through 
the incumbent greensand is thrown out by this 
retentive stratum, and on the south side of the 
Isle of Wight has produced, by the extensive and 
irregular slips it has occasioned, the wildest dis- 
order and the most picturesque scenery, on the bold 
shores of that interesting island. The mixture of 
the subsiding sand and clay affords a favourable soil 
for the production of trees and underwood, which 
partially cJothe the rugged features of the surface 
with a mantle of great beauty and variety, here 
and there revealing cottages and villas with their 
gardens and corn-fields. In the Weald of Kent, 
this stratum of clay is stated to be 300 feet thick, 
where its surface presents a broad vale, and no 
w^here rises to any considerable elevation. 

THE HASTINGS SAND. 

This portion of the Wealden group, sometimes 
called iron sand, occupies the extensive tract known 
by the name of Tilgate Forest. It is composed 
chiefly of sand and sandstone, with occasional beds 
of clay, marl, fullers' earth, and ochre. The sands 
are siliceous and of a brownish or red, and some- 
times yellow, colour, and in places contain so 
much oxide of iron as to have been resorted to in 
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ancient times for that metal. In some parts the 
sandstone becomes a coarse conglomerate of peb- 
bles^ which is sometimes used as a building stone ; 
fossil wood and thin beds of coal occasionally 
occur in this sand^ which have led to unprofitable 
sinkings in search of coal in the neighbourhood of 
Bexhill, in Sussex. 

The organic remains are numerous, including 
shells, fish, turtles, and five genera of Saurian 
animals. The iguanodon, a land animal of the 
lizard kind, the fossil bones of which were dis- 
covered by Dr. Mantell, appears to have been of 
the most gigantic proportions, as the separate 
portions indicate the length of the whole to have 
been from forty to seventy feet in length, by ten 
feet high. If we adopt the least of these dimen- 
tions, the animal to which these bones belonged 
must have very far exceeded in size the largest 
which now inhabit the earth. The fossil bones of 
birds have also been found in the Wealden sand, 
but no where have any remains of mammiferoxu3 
quadrupeds been discovered. 

The constitution of this stratum, and the freedom 
with which it can be cultivated, render it favour- 
able to agriculture, and, under good management, 
give a general character of fertility. It is very 
favourable to the growth of wood, and derives its 
name from the forest which once covered it. 

The valley of the Weald, bounded on either 
side by the chalk hills, the North and South 
Downs, except where it opens to the sea at 
Hastings, is supposed by some geologists to be an 
extensive denudation of the chalk which once 
covered the whole of this formation, and which 
evidently now overlies a portion of it*, asidl\ia 

I 
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elevation it has undergone along the centre, which 
causes it to discharge its waters in opposite direc- 
tions, appears to favour the opinion. It is pro- 
bable that the Hastings sands are about 500 feet 
thick, though upon this point no very reliable 
knowledge exists. 

PUBBECK BEDS. 

These beds form the lowest members of the 
group, and consist of thin layers of imperfect 
shelly limestone, alternating with beds of slaty 
marl, having a total thickness of about 300 feet. 
The following description of these beds is given 
by that accurate geologist the late Mr. Webster. 

The Purbeck stone consists chiefly of shells, 
partly whole and partly in a state of comminution, 
imbedded in calcareous cement, which is some- 
times very pure and crystalline, and at others 
approaching to an indurated marl. These beds 
are separated by others entirely without shells, and 
also by layers of shells and marl, the shivering 
nature of which allows the stone to be quarried 
with much ease. It is thus obtained of various 
degrees of thickness according to that of the bed, 
and the whole hill consists of many alternations 
of thin strata. One of the uppermost of these 
beds yields the well-known Purbeck marble, era- 
ployed in making monuments and the columns of 
Gothic buildings, which much resembles the Pet- 
worth or Sussex marble, but with the shells more 
perfect than in the latter. The other Purbeck 
beds furnish a good material for building, paving, 
and making water troughs. The workmen fre- 
quently discover in the beds of these quarries the 
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impressions of fish, with numerous fragments of 
bones, and sometimes entire fossil turtles. 

The agricultural character of the soil of this 
formation is rather unfavourable, as it consists of 
marly clay, and is consequently cold and difficult to 
work. Considering the mechanical nature, and the 
organic remains contained in the Wealden group. 
Sir Charles Lyell concludes that these strata were 
deposited from the fresh water of a great river in 
the manner of the deltas in the estuaries and at the 
mouths of the great rivers of our present conti- 
nents. The downward movement of the strata 
beneath, which allowed of the accumulation of beds 
of such depth as those which form the Wealden 
group and the incumbent greensand and chalk, 
and their subsequent elevation, with the conse- 
quent denudation of the chalk upon their surface, 
so as to produce the present actual condition of 
these strata, present some of the most interesting 
phenomena, which at every step of his progress 
engage the attention of the geological student. 
Sir Charles Lyell has given, in his admirable work, 
" The Principles of Geology," a very probable 
account of these stupendous changes, which it 
would exceed our limits to state or observe further 
upon ; especially as it is our object rather to give 
facts than theories, however reasonable and in- 
teresting. 

THE OOLITIC SYSTEM. 

This geological division comprehends an exten- 
sive series of strata, consisting of imperfect shelly 
limestones alternating with deep beds of clay and 
calcareo-siliceous sand and sandstone, and extend- 
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Ing north-west from the Island of Portland, on the 
coast of Dorset, to Whitby In Yorkshire. Rising 
from beneath the greensand on the east, and 
resting upon the has formation on the west, 
throughout its whole course, its boundary lines 
are exceedingly devious and irregular, being 
broken by deep valleys of denudation, and pre- 
senting many detached or outlying masses, parti- 
cularly towards the southern extremity of its 
range in the counties of Gloucester, Somerset, and 
Dorset. Its breadth is equally irregular, varying 
from a few miles near the two extremities, to fifty 
and sixty in its midland course. 

The oolite strata are divided by geologists into 
four groups, distinguished by the terms upper, 
middle, and lower oolite, and the lias. The hard 
rocks of. each of these form at their successive 
terminations abrupt ridges or escarpments^ while 
the intervening clays or sands subside into plains, 
or a more or less level surface of variable extent. 
The oolites occupy considerable but very variable 
portions of the following counties: — xorkshire, 
Lincoln, Leicester, Rutland, Northampton, Hunt- 
ingdon, Bedford, Buckingham, Oxford, Warwick, 
Worcester, Berkshire, Wilts, Gloucester, Somerset 
and Dorset. The oolites of Scotland are extremely 
limited, being confined to a very small part of the 
east coast of Caithness, and some scattered and 
insignificant patches of lias on its western shores 
and islands. None of these strata occur in Ireland. 
On the continent, they prevail extensively in 
France, Switzerland, and Germany. They sur- 
round the basin of Paris, and form the great mass 
of the Jura mountains, from which circumstance 
the series has derived \he n^xski^ ^{ thi^ Jura forma- 
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tion, and Jurassic rocks, terms which geologists 
often employ in speaking of them. 



THE UPPER OOLITE, OR PORTLAND STONE, AND 

KIMMERIDGE CLAT. 

This formation is of less extent than the other 
divisions of the oolite system, occupying detached 
portions on their eastern border throughout the 
greater portion of their range. It consists of 
several beds of imperfect limestone resting upon one 
of clay. The principal quarries of Portland stone 
are at Portland, Purbeck, in Dorsetshire, and Font- 
hill and Tisbury, in Wiltshire; and the former 
place supplies the valuable building-stone generally 
used in London for ornamental architecture. 

The following account of the Portland quarries 
is given by Mr. Webster : — 

" The uppermost beds of the Isle of Portland, 
and they are numerous, consist of an oolitic rock. 
That which appears on the summit, and is called 
the cap, is of a yellowish colour and porcellanous 
character, and is only burnt for lime. The next 
bed is worked for sale, being the best building- 
stone. Those below this bed contain numerous 
casts of shells that injure the stone, which is there- 
fore only used for coarser purposes, and with these 
beds alternate others consisting of chert (flint)." 

These beds abound with organic remains, con- 
sisting chiefly of shells, and amongst them very 
large ammonites, two or three feet in diameter, and 
large fragments of wood. But the most remark- 
able circumstance connected with organic life is 
the occurrence of fossil stumps of trees, with their 
roots in the ground, called a dirt bed, which is 
tbu8 descnbed by Sir Charles LyeW.; — 
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*^ x\t the point of contact of the inferior division 
of the Wealden or Purbeck beds with the more 
ancient marine system, a very curious phenomenon 
is observed ; the fresh- water calcareous strata re- 
pose, both in Purbeck and Portland, upon the 
oolitic limestone called the Portland stone, which 
abounds with ammonites, trigonias, and other 
marine shells. Between the two formations there 
intervenes a layer of what appears to have been 
an ancient vegetable soil ; it is of a dark brown 
colour, contains a large portion of earthy lignite, 
and like the modem soil on the surface of the 
island, many waterworn stones. 

'* This layer is called the dirt-bed by the quarry- 
men, and in and upon it are a great number of 
silicified trunks of coniferous trees and other 
plants. Many of the stems of the trees and other 
plants are still erect, as if petrified while growing 
and undisturbed in their native forest, the former 
having their roots in the soil and their trunks 
extending into the superincumbent strata of lime- 
stone. The same circumstance occurs on the 
cliffs of the Bolonnais, on the coast of France. 
We must conclude that the stratum formed dry 
land at a remote period, upon which the trees 
grew ; that it was subsequently submerged with 
the trees upon it, so as to admit of the incumbent 
strata being formed upon it, and ultimately raised 
to its present position. Perhaps in the whole 
range of British geology there is not so striking 
a proof of the successive existence of land and 
water upon the same spot, and of those changes 
which the face of the globe must have undergone 
at remote periods during the deposition of the 
strata, which finally emerged from the water and 
at present form the dry land/' 
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THE KIMMERIDGE CLAY. 

This stratum of clay, which underlies the Port- 
land stone above described, derives its appellation 
from a bay or village of that name in the Isle of 
Purbeck. It consists of blue and yellowish slaty 
clay, containing calcareous matter, (which is indi- 
cated by its effervescing with acids,) and both 
vegetable and animal remains. Some beds of 
the clay are so bituminous as to be used for fuel, 
and are called Kimmeridge coal. This imperfect 
coal bums heavily with a yellow smoky flame and 
bituminous smell. Some of the beds contain 
sulphate of lime and iron pyrites. The deceptive 
appearance given by these combustible shales 
has led in this case, as in many others, to several 
unsuccessful sinkings for more perfect coal, as at 
Sunning Well and Oxford, and near Farringdon 
in Berkshire. The presence of sulphate of lime is 
easily accounted for. The iron pyrites undergoes 
decomposition and produces sulphuric acid, which 
uniting with the calcareous matter forms the 
sulphate in question. This stratum contains 
numerous organic remains, and amongst others 
those of the hzard- shaped or Saurian animals and 
shell-fish, including nautilites, ammonites and 
belemnites, with many others. 

The observed thickness of this bed of clay varies 
exceedingly ; from 70 to 700 feet. The surface 
forms cold wet soils, better adapted to pasture and 
the growth of timber than arable culture ; but it 
is one of those soils calculated to exercise the skill 
of the enlightened farmer in draining, and burning 
the clay, by which so much remains yet to be 
effected in the improvement of land; and the cal- 
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caxeous matter in the clay is a circumstance highly 
favourable to the benefit that might be derived 
from the latter practice. The soil improves in 
the neighbourhood of the junction of the stone 
with the clay, from the increased proportion of 
calcareous admixture, and the consequent greater 
openness of its texture. 

Water is not abundant in this formation, and 
is said to be of bad quality, probably owing to the 
prevalence of iron pyrites and sulphate of lime, 
which are calculated to produce hardness and an 
ill flavour. 
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CORAL RAO AND CALCAREOUS GRIT. 

These strata repose upon that deep argillaceous 
bed, called the Oxford clay, and consist of several 
beds of more or less gritty imperfect limestone. 
The upper portion affords the perishable im- 
perfect limestone formerly used in the public 
buildings at Oxford, which have suffered so much 
from the dilapidation of so perishable a material, 
which is very inferior in durability and appearance 
to the oolites both above and beneath it, as the 
Portland and Bath stones. It is full of broken 
shells, and contains from a tenth to a third of sand. 
The coral rag, which lies beneath this freestone, 
is a loose rubbly limestone, consisting chiefly of 
branching madrepores, the beds of which are used 
for burning lime and mending the roads. These 
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beds repose upon the calcareous grit, which is 
composed chiefly of siliceous sand of a yellow 
colour, with about one-third of calcareous matter. 
Fossil shells abound in these strata, and the 
remains of saurian animals have also been dis- 
covered in them, and fossil wood often occurs in 
the calcareous grit. The thickness of the coral 
rag and calcareous grit taken together has been 
estimated at from 100 to 150 feet, and their great- 
est elevation above the sea, as at Whiteham-hill, 
in Berkshire, 576 feet. 

OXFORD CLAY. 

This stratum, which underlies the before- 
mentioned coral rag and calcareous grit, is of 
great thickness, and consists of a dark blue tena- 
cious clay, brown upon the surface, containing 
geodes, or masses of septaria or cement stone, 
locally called turtle-stone and Melbury marble, 
from some of the specimens being capable of 
receiving a polish, as at Melbury in Dorsetshire. 
This clay Is sometimes mixed with calcareous and 
bituminous matter, producing in the latter case 
an inflammable shale, which, like those of the 
Kimmeridge clay before mentioned, has, in the 
days of ignorance of geology, led to abortive 
attempts to find useful coal. Singular beds of 
limestone occur in the lower part of this stratum, 
consisting almost entirely of a mass of fossil shells, 
which being found at Kelloway Bridge, near 
Chippenham, has received the name of Kelloway 
rock. It contains also iron pyrites and sulphate 
of lime ; and as some of the beds when burnt emit 
a very oflTensive smell, there can be no doubt of 
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the presence of free sulphur. The water of the 
MelKsham Spa, the well of which is sunk in 
this stratum, is a sulphureous chalybeate. This 
clay accompanies the general range of the oolites 
from the coast of Yorkshire in the south and 
south-west direction, and with a very variable 
breadth, to the south of Dorsetshire. At the 
extremities it is very narrow, but in some loca- 
lities, as in the south of Lincolnshire, it occupies 
a space of about fifteen- miles wide, and as it 
proceeds southward forms part of the counties 
of Huntingdon, Bedford, Buckingham, Oxford, 
Wilts, Somerset, and Dorset. Through the east- 
em counties, the surface of this stratum is 
flat, and forms the clay of the fens, and nowhere 
through its whole course attains any considerable 
elevation. At Boston in Lincolnshire this clay 
was sunk through to the depth of 478 feet, and 
its greatest depth is estimated at 700 feet. 

The surface almost everywhere presents a cold 
ungenial soil, of diflScult cultivation, and affording 
pastures of very inferior quality, abounding^ in 
carnation grass and other coarse herbage. The 
skilful application of capital in draining the sur- 
face and burning the clay, appears to be the most 
available and efficient means of correcting the 
natural defects of this and other similar soils, the 
improvement of which is probably destined to 
prove, at no distant time, one of the greatest tri- 
umphs of agriculture. 

Springs are not abundant, and deep sinkings 
are necessary to obtain water, which, however, 
are not always attended with success. 

Several mineral springs occur in this stratum, 
all of purgative qualities. The principal of these 
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are Stanfield, in Lincolnsliire ; Klngscllff, North- 
amptonshire ; Cumnor^ Berkshire ; Holt and 
Melksham, Wiltshire. 

The following interesting circumstance, with 
reference to the heights of Bagley Wood and 
Whiteham Hills, near Oxford, wfich chiefly con- 
sist of the strata of this formation, is mentioned 
by the Rev. W. D. Conybeare, and exhibits one of 
the many remarkable instances of the degradation 
many of the strata have undergone since their 
consolidation. " A large accumulation of diluvial 
pebbles and blocks, often of considerable size, and 
derived apparently from some transition district 
on one hand, and from chalk on the other, (com- 
prising quartz, sandstone, like that of the Lickey, 
hard black flinty porphyry, and in addition to these, 
chalk-flints,) covers a great part of Bagley Wood, 
and pebbles of the same kind are scattered, though 
more sparingly, over the summit of Whiteham 
Hill. Now, since Bagley Wood is considerably 
elevated above the neighbouring district, and 
Whiteham Hill is completely insulated, steep, 
and at least 300 feet above the valleys which sur- 
round it, we have here a most decisive proof of 
the excavation of the valleys at a period long 
subsequent to the formation of those hills; since 
when these blocks and pebbles were transported 
hither, there must have been uniformly inclined 
plains from their native sites to their present 
locality. That they should have rolled up the 
present escarpments is physically impossible. The 
phenomenon is of exactly the same kind as that 
of the granitic blocks of the Alps transported to 
the sides of the Jura chain, but the inferences are 
here more direct, inasmuch as it is impossible to 
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call In the imaginary aid of icebergs to float the 
transported materials in this instance." 

THE LOWER OOLITE. 

This division of the oolites forms a nearly con- 
tinuous chain of hills, extending from near Whitby, 
in Yorkshire, through the midland part of England, 
to Bridport on the British Channel, and consists 
of a series of strata of oolitic limestones, sand- 
stones, sands, and clays; the oolites prevailing 
most in the south, and the sands and sandstones 
in the north. In the middle and southern part of 
the kingdom, where the system is more extensively 
developed, the strata have been distinguished by 
the following names : — Cornbrash, forest marble, 
great oolite, Stonesfield slate, fullers'-earth, and 
inferior oolite, with intervening beds of sand 
and clay, as the Hinton sand between the corn- 
brash and forest marble, and the Bradford clay 
above the great oolite. 

In the northern or Yorkshire portion of this 
division of the oolites, the cornbrash is succeeded 
by sandstones and clays, shales with thin layers of 
coal, calcareous sand, and shelly limestone; and 
these, again, with sandstone containing clays and 
beds of coal and ironstone with vegetable remains; 
and, lastly, with limestone and sand, corresponding 
with the inferior oolite of the south. Similar 
beds to those of Yorkshire occur at Brora, on the 
east coast of the north of Scotland, viz. shelly 
limestones with alternations of sandstones, shales, 
and ironstone with plants ; ferruginous limestone 
with fossil wood and shells ; sandstone and shale 
with thin beds of coaL 

The Cornbrash is a rough, imperfect, rubbly 
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limestone^ of a brown and earthy appearance, 
having on the surface a reddish soil containing 
small roundish stones, which from their hardness 
are much used for mending roads at Chippenham 
and other parts of Wiltshire. Its beds generally 
separate into thin layers, and the stone is usually 
burnt for lime, but occasionally they afford masses 
of considerable thickness and solidity adapted to 
building purposes, as in the neighbourhood of 
Malmsbury in Wiltshire. This rock rests upon 
a bed of blue clay, sometimes of considerable 
thickness. 

Forest marble is separated from the above by 
beds of siliceous gritstone, partially calcareous, 
with sand of the same character, and the stratum 
consists of thin beds of brownish shelly limestone, 
of which the more solid beds are sufficiently com- 
pact to receive a polish. The thin beds afford 
coarse roofing tiles and flagstones, much used for 
that purpose in the western part of Wiltshire and 
the neighbouring border of Somerset. The layers 
of this stone are generally separated by thin 
seams of clay, varying from an inch to a foot in 
depth, and the whole rests upon a deep bed of 
marly deposit called the Bradford clay, containing 
a great quantity of organic remains. This bed, 
though sometimes wanting, is usually of consi- 
derable thickness, varying from ten to forty or 
fifty feet. 

The Great Oolite. — This member of the oolites 
is by far the most important of the series, and con- 
sists of calcareous beds of different degrees of firm- 
ness, having a total thickness of from 100 to 200 
feet. The softer beds are characterised by those 
minute egg-shaped particles from which it has 
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derived its name, while the more compact beds 
have less of this appearance. The best of these 
beds afford the beautiful building material known 
as Bath stone, and is remarkable for the facility 
with which it may be wrought, either by the 
toothed saw or the chisel, as it admits of being 
sawn into blocks or slabs of any required thick- 
ness or dimensions, and of receiving every variety 
of architectural embellishment, and on that ac- 
count was used for the repair of Henry the 
Seventh's Chapel at Westminster, so remarkable 
for its elaborate ornament. Blocks are raised from 
the quarries of this stone of very large dimensions, 
and it was principally used in the building of St. 
Paul's, for which it was obtained from Burford, in 
Oxfordshire. When taken from the quarry the 
stone is soft and of a yellowish colour, but becomes 
hard and whiter by exposure. The city of Bath 
is entirely built of this material ; and many of the 
beautiful buildings for which it is celebrated, 
attest its excellence and durability. The hills 
round the city afford the greatest facility of 
obtaining the stone, as it generally forms the 
upper stratum, and they are extensively exca- 
vated for the purpose. In the softer stone the 
shells are so much comminuted that but few are 
discernible ; but the hard coarse stone of the sur- 
face, and the compact and bluish beds beneath the 
best stone, are generally very shelly — in fact, con- 
sist almost entirely of a mass of shells. The quar- 
ries of Painswick, in Gloucestershire, yield a stone 
of remarkable beauty and fineness of grain, much 
used for the steps of superior houses. 

Stonesfield Slate. — This stratum, though of very 
limited extent, is remarkable for the abundance. 
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peculiarity, and variety of its organic remains, 
both vegetable and animaL It occurs at Hinton, 
near Bath ; Stonesfield, in Oxfordshire ; Colly- 
weston, Northamptonshire ; and the Cleveland 
Hills, Yorkshire. The quarries at Stonesfield are 
celebrated for its fossils, and are thus described by 
the Rev. Mr. Conybeare : — " The assemblage of 
beds here worked consists of the fissile beds of 
a buff-coloured grey oolitic limestone, called 
pendle, each about two feet thick, separated by a 
bed of loose calcareo-siliceous sand, called race, 
about the same thickness. Concretions are fre- 
quent in the latter, and are called tohim'^nes, or 
potlids ; they are partially oolitic, sometimes blue 
in the centre, and vary from six inches to two feet 
in diameter ; their form generally is that of a flat- 
tened sphere ; these break into parallel planes, and 
often contain shells. The pendle, after being 
quarried, is suffered to lie exposed to the action 
of a winter's frosts, and the blocks being then 
struck on the edge with a mallet, freely separate 
into plates sufliciently thin to afford materials for 
roofing. The quarries are principally situated in 
the valley immediately south of the village of 
Stonesfield, which branches off eastward from that 
of the Evenlode. The workings for this stone 
have been carried on from remote times to a con- 
siderable extent, so that both sides of the valley 
are completely honeycombed by them. Beautiful 
stalactites are often found in the fissures of the 
rock." 

The fossil remains are those of tortoises, two or 
three varieties of the crab and lobster tribes, the 
palates and vertebrae of fishes, marine shells, birds, 
and different kinds of insects; but the most re- 
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markable organic remains are those of two animals 
of the insectivorous tribe, which have excited the 
greatest curiosity, as they are the only mammalian 
remains yet discovered beneath the tertiary strata 
in any part of the world. 

The FulUri Earth. — The Stonesfield slate, or 
the lowest beds of the great oolite, rest upon a 
deep bed of clay, partaking of the nature of ful- 
lers' earth, and in some localities affording good 
specimens of that material. In the neighbour- 
hood of Bath, where the deep valleys cut through 
the great and inferior oolites, this bed of clay 
may be traced along the face of the upper portion 
of the hills, underlying the great oolite, and 
forming a band of wet, cold, and sterile soil, and 
affording good fullers' earth at Odd Down, over- 
looking the beautiful valley of Combehay. This 
clay also contains partial beds of rubbly stone of a 
blue colour, and sufficiently hard for making roads. 
This stratum of fullers' earth clay accompanies the 
great oolite in other localities, but is perhaps no 
where so well exhibited as in that above mentioned. 

The Inferior Oolite is the lowest of the oolitic 
series ; it consists of a coarse, gritty, calcareous 
rock, resting upon a deep stratum of calcareo- 
siliceous sand, co-extensive with the great body of 
lower oolites, and reaching from the mouth of the 
Tees to Bridport, Dorsetshire; sometimes, as in 
its midland course, spreading wide, and forming 
extensive tracts ; and at others, seen only in steep 
escarpments, surmounted by the great oolite. 
Through the greater part of its course it is exten- 
sively denuded by transverse valleys, which cut 
down to the blue lias beneath, and cause ita 

& 
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boundary line to the west to be exceedingly irre- 

frular, presenting deep bays and numerous out- 
iers. 

The stone of the inferior oolite is distinguished 
from that of the great oolite by being much 
coloured with red oxide of iron, and also oy con- 
taining more siliceous sand. Through the northern 
and midland course of this formation it consists of 
a siliceous and very ferruginous sandstone, with 
very little calcareous matter, sometimes affording 
hard gritty flagstones, and seldom producing good 
building-stone, while in the south-west it is 
more compact and calcareous, and supplies many 
quarries of valuable material, which, though of a 
darker colour, is scarcely inferior in other proper- 
ties to the Bath stone. At Dundry HiU, near 
Bristol, an outlier of this rock is extensively 
quarried ; and at Doulting, near Shepton Mallet, 
are the ancient quarries which supplied the stone 
of which Wells Cathedral and Glastonbury Abbey 
were built, many of the more delicate ornaments 
of which are still in a very perfect state. These 
quarries, and those of Ham Hill, near Yeovil, 
still continue to supply building stone for the 
western part of Somerset. The underlying sandy 
stratum is chiefly siliceous, with varying propor- 
tions of calcareous matter, and in many places 
contains beds of excellent marl, and concretionary 
and flattish masses of the same nature as the sand, 
with a greater quantity of oxide of iron. The 
sand is conspicuously exhibited in the face of 
the almost precipitous heights of Beachen Cliff 
and Beacon Hill, which overhang Bath on the 
north and south, and in other steep escarpments 
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of that deep oolitic valley, where the marly beds 
of this sand throw out the springs of excellent 
water with which the city is supplied. 

In the midland counties, particularly in the 
western part of Oxfordshire and the adjoining 
portion of Gloucestershire, this sand is widely 
developed, and forms extensive tracts of reddish 
sandy soU of great fertility and of admirable 
consistence for all the purposes of agriculture. 
Through the western part of Gloucestershire 
the inferior oolite forms part of the bold escarp- 
ment of the Cotswold Hills, where it is capped by 
the great oolite ; and further to the south of that 
locality, and in the north of Somerset, but little 
more than its edges are revealed on the sides of 
the deep valleys which descend through the oolites 
in that district, where the wild graces of sylvan 
scenery, blended with corn-fields, upland pastures, 
and rich bottom meadows, and enhvened by neat 
habitations and manufacturing industry, never 
fail to excite the admiration of travellers, as those 
will well remember who have descended Froster 
Hill and the valley of Bodborough. In the 
southern part of Somerset this formation again 
occupies a considerable breadth of surface, and 
from Ilminster to Sherborne, in the county of 
Dorset, its calcareo-siliceous beds afford a soil 
which has few rivals in England for the excellence 
of its pasture, its fertility under the plough, and 
the luxuriant growth and productiveness of its 
numerous orchards. In this district deep bods 
of very rich marl frequently occur, which, when 
spread upon the poorer and sandy pasture land, 
produces an astonishing improvement in the 
quality and quantity of the herbage. This marl 
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18 generally obtained with the greatest facility, 
from the beds being exposed on the sides of the 
valleys by which this stratum is so deeply in- 
dented. In its lower portions this calcareous 
sand mingles with^ and probably is in some mea- 
sure improved by, the upper marly beds of the 
Blue Lias. 

The Rev. W. D. Conybeare, to whom we are 
indebted for a very elaborate account of the 
British strata, gives the following very interesting 
description of the inferior oolite to the south and 
west of Bath : — 

" The inferior oolite generally forms lower 
terraces advanced in front of the higher table 
land, capped by the great oolite, and to the west 
of the general line of escarpment often constitutes 
detached summits or outliers, (as may be particu- 
larly observed south of the line between Bath and 
Bristol:) such are the ridge in which Newton 
Park stands, the conspicuous hummock of Stan- 
tonbury hill, crowned with an extensive and per- 
fectBritish camp connected with, and strengthening 
the Belgic boundary line of Wansdike, the conicsS 
summits of the barrow hills, and the adjacent 
ridge called the sleight of Finsbury parish ; but 
Dundry Hill, three miles south of Bristol, is the 
largest and most conspicuous of these outlying 
hills. This presents a long narrow ridge, nearly 
four miles from east to west, and sending off 
a short branch from its western extremity towards 
the south-west. The ridge rises about 300 feet 
above the level of the platform that supports it, 
and 700 feet above the level of the sea. It has 
a thick cap of the inferior oolite throughout, 
which has been very extensively quarried as a free- 
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stone hear the western end ; the eastern exhibits 
a large camp, corresponding with that on Stan- 
tonbury, and forming a part of the same defensive 
line. 

^^ The principal escarpment of the inferior 
oolite, ranging on the east of these outlying sum- 
mits, proceeds from Bath to the south-south-east 
above English Coombe, Preston and Paulton, 
being intersected, however, by several deep val- 
leys of denudation which cut through the subjacent 
beds into the new red sandstone on which it rests. 
Clandown, above Paulton, is remarkable for the 
deep pits sunk through most of the intermediate 
beds into the regular coal measures ; one of these 
exceeds 200 fathoms in depth, but this begins in 
the lias; another, just on the edge of the hill 
towards Paulton, commences on the inferior oolite. 
This^pit is particularly interesting, as verifying the 
order of the intermediate beds, and exhibiting a sin- 
gular instance, as far as this island is concerned, of 
any successftil experiment to reach coal from beds 
so far above it in the regular series. No inference, 
however, can be drawn from this instance in favour 
of similar trials elsewhere, since two peculiar cir- 
cumstances here occur : 1st, the manner in which 
these more recent beds overlie the coal-field, rest- 
ing unconformably in horizontal plains on the 
truncated ends of the highly inclined strata be- 
longing to the coal measures; and, 2dly, the 
thinning out of many of the beds in this direction; 
in consequence of which, the sands of the inferior 
oolite and the clay of the lias are greatly reduced, 
and have almost vanished in many places, leaving 
the freestone beds of the inferior oolite almost in 
contact with the lower stony beds of the lias ; the 



134 GEOLOGY. 

new red sandstone also being greatly diminished 
in thickness, so that a geological interval^ equal 
in many other districts probably to 2,000 feet, is 
here reduced to less than a quarter of that depth. 
South of Paulton, in Kilmarsden and Babbington 
parishes, the inferior oolite spreads over the same 
platforms with the diminished lias, and it becomes 
somewhat difficult, in many places, to trace the 
latter as a distinct formation. In the south of 
the latter parish, and in Mells, the horizontal 
plains of the inferior oolite come in contact with 
the inclined coal measures and mountain lime- 
stone constituting the eastern portion of the 
Mendip Hills, which expire in this direction by 
the lowering of their strata ; so that they become 
buried beneath the level of the more recent 
formations, and are here exhibited only in the 
bottom and sides of the valleys of denudation. 
Such is the character of the district lying between 
Wells on the north, Frome on the west, and the 
two Cranmores on the south. An uniform and 
elevated plain of the inferior oolite spreads over 
its whole surface, furrowed by valleys about 150 
to 200 feet deep, which expose the mountain 
limestone. The character of many of these val- 
leys, particularly of that between Wells and 
Frome and its lateral branches, is highly romantic; 
the streamlets which flow through them being 
skirted by bold and rocky banks overgrown by 
the feathering woods; while the geolorist ob- 
serves, as a feature of peculiar interest m their 
precipitous escarpment, the actual contact of the 
horizontal bed of the inferior oolite resting on the 
truncated edges of the mountain limestone, thrown 
up in an angle of fifty to sixty degrees. This 
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line of contact is sometimes perfectly level for 
a considerable distance, as if the edges of the 
mountain limestone strata had been rendered 
smooth by some mechanical force abrading them 
previously to the deposition of the inferior oolite, 
but in other instances it is rugged and irregular ; 
sometimes the contact is marked by a breccia of 
fragments of the older cemented by the newer 
TOCKB9 but this is by no means constant. On the 
north of Doulting Hill, between West Cranmore 
and Shepton Mallet, the inferior oolite abuts 
against the old red sandstone, which forms the 
nucleus of the Mendips, and here begins to display 
itself in considerable eminences at Downhead 
Common. Between Doulting and Shepton Mallet, 
the inferior oolite and lias abut against the in- 
clined strata of the Mendip under such circum- 
stances, and with such considerable variations 
from their usual aspect, that it is not easy to pro- 
nounce to what formation many of these anomalous 
beds belong. Similar beds continue to hang on 
the southern slopes of the Mendip, on the north of 
the line between Shepton Mallet and Wells. It 
is only however when immediately in contact 
with the Mendip range that this obscurity pre- 
vails ; for, from Doulting, the general line of the 
inferior oolite is continued south by Cannard's 
Grave towards Bruton, forming a conspicuous 
escarpment rising above the lias plains which 
extend westward; over these some outlying hills of 
the same formation are scattered, viz. the long 
range of the Pennard Hills, and the more striking 
and far-seen cone of Glastonbury Tor. Brent 
Knoll, a lofty lias hill, rising out of the marshes 
on the border of the Bristol Channel to the height 
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of between 400 and 500 feet, also exhibits on its 
summit a cap of inferior oolite, nearly co-extensive 
with the ancient escarpment which surrounds it 

" But to return to the main escarpment ; this 
ranges from Bruton south-west to Castle Gary, 
and thence south by the two Cadburys, near the 
most southerly of which a detached summit of this 
formation gives position to the boldest and strong- 
est ancient encampment extant in the island, 
girding its sides with triple fosses and stupendous 
mounds. Near this point the range circles west- 
ward, round the vale of Marston Magna, pursuing 
a line between Ivelchester and Yeovil, to II- 
minster. Between Ilminster and the coast the 
junction of the inferior oolite and sands with 
the lias ranges due south, but is very generally 
concealed by overlying hills of the greensand 
formation, supporting occasionally chalky summits, 
and connected with the great western extension of 
the beds towards the Blackdown Hills. On the 
coast, the series of beds of which we are now 
treating is finely displayed in the sections of the 
cliffs between Charmouth and the head of the 
Chesil Bank. Proceeding from west to east, we 
first find the inferior oolite resting on the lias marl 
on the summit of a steep pyramidal cliff, about 
halfway between CharmouUi and Bridport Har- 
bour, called the Golden Cup, (perhaps a corruption 
of the Golden Cap, as derived from the yellow- 
reddish colour of the summit, strongly contrasted 
with the dark blue of its base.) Down Cliff 
succeeds, in which the dip of the strata towards 
the east has brought them somewhat lower; a 
third cliff, in which the inferior oolite and sands 
occupy the middle region, (the hill above being 
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crowned by the fissile variety of the great oolite,) 
intervenes before we arrive at the mouth of Brid- 
port Harbour. The first cliff west of Bridport 
Harbour no longer exhibits the lias clays, these 
having been carried by their dip below the sea 
level, and the lowest visible beds being those 
which contain the concretions of green marly sand- 
stone intermediate between the sands and the lias. 
In Burton Cliff, which follows this, the inferior 
oolite itself sinks in like manner, being succeeded 
on the east by a low cliff of the fullers'-earth 
clay, full of the fibrous calcareous spar." 

The above details are interesting, as they bring 
before us some of the most strikmg phenomena 
connected with oolite series in a part of the king- 
dom where the country presents, in bold hills and 
numerous deep-sunk wooded valleys, an endless 
variety of picturesque beauty and grandeur to 
beguile the labours or gratiiy the taste of the 
geological explorer. That the inferior oolite has 
been extensively destroyed is evident from its 
numerous outliers, and deep valleys of denudation, 
as well as its exceedingly sinuous course and deep 
indentations, where it terminates upon the lias to 
the west. The deep valleys which cut through the 
oolites exhibit along their acclivities many 
remarkable subsidences, both of the inferior and 
great oolite. Several instances of these subsi- 
dences may be observed along the sides of the 
hills which overhang the left bank of the Avon, 
near Bath, by proceeding from the old road lead- 
ing to Claverton Down, above Widcomb Crescent, 
along the face of the slope, or along the banks of 
the canal through the beautiful valley of Claver- 
ton, In several places the inferior oolite will be 
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seen to have slipped down so low as to form the 
bed of the canal^ which is here cut through the 
rubbly and treacherous mass. On ascending the 
hill to the commanding eminence of Hampton 
Bocks above the woods, the great oolite, which 
caps the summit, will be seen to have slipped 
down in large detached masses, and to project in 
wild confusion over the steep woods beneath. 
Similar phenomena occur in the valley of Coombe 
and Mitford, and many other places. Few locali- 
ties afford so much geological interest as the valley 
of the Avon and its branches, through the oolite 
formations in this neighbourhood, or a greater 
variety of picturesque scenery, which is often of 
surpassing beauty. Of the above-mentioned sub- 
sidences, some of the minor ones might have been 
occasioned by the springs carrying away the marly 
beds upon which the rock rested ; but by far the 
greater part must have been produced by a more 
powerful and general cause, and must be attributed 
to the destructive and denuding force of the water 
by which these valleys were originally excavated, 
and which, by undermining the rocky masses, 
caused them to sink down often to great depths 
below their original position. 

The inferior oolite abounds in fossil remains, 
chiefly consisting of shells, and in common with 
all the other oolites which have been described, as 
well as the older limestone, yet to be noticed, 
appears to have derived the greater part of its 
substance from the accumulations effected by 
means of organic life, in the same way that rocks 
are now forming in our tropical seas by the ceaseless 
action of zoophyticor coralline animalculae, secreting 
carbonate of hme from the water. These accu*^ 
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mulations were more or less blended with the sandy 
and earthy deposits^ and with the shells^ broken 
or entire, of the many species of shell-fish which 
inhabited the same seas, frequently mingled with 
the remains of saurian, or lizard-shaped animals, 
and other reptiles, which during the whole period 
of the formation of the later secondary rocks were 
so abundant as to have obtained for it the title of 
the Saurian i)eriod. 

The following hills are perhaps the highest of 
this formation. Rosebury Topping, in Yorkshire, 
1,022 feet ; Arbury Hill, Northamptonshire, 804 
feet; Epwell Hill, Oxfordshire, 836 feet; and 
Dundry Hill, near Bristol, 700 feet, respectively 
above the level of the sea. The thickness of the 
inferior oolite, with its sands, is estimated on the 
average to be about 400 feet. 

Springs of water are abundant in this as well 
as the other oolites, as may be expected from the 
frequent alternations of porous and retentive de- 
posits by which they are characterised; and all 
the valleys of these formations afford, in proportion 
to their depth, copious streams of excellent water. 
Speaking generally of the soils afforded by the 
oolites, they are inferior to many others for arable 
culture, though the pastures and the meadows are 
often of superior quality, especially those of the 
formation now under consideration, and which we 
have previously noticed. 

The evidences of the changes which the surface 
of the earth has undergone, are in some measure 
hidden from our sight by the vegetation with 
which it is covered ; but if to the mind's eye we 
divest it of its verdant mantle, the destruction 
which the strata have suffered will then be ex- 
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hibited in all the imposing grandeur of its real 
character^ as manifested in tne upheaved fragments 
and detached portions, and the deep, and often 
wide valleys, which divide rocks, evidently once 
continuous over the intervening space. The 
actual state of the strata thus broken and dis- 
membered, has been compared to the ruins of an 
artificial structure of colossal dimensions; the 
broken walls and separated fragments of which 
indicate the extent, if not the perfect form of the 
original building, and the destructive violence and 
subsequent spoliation to which it has been sub- 
jected. Such a comparison would, perhaps, no- 
where better apply than to the actual state of the 
great and inferior oolites, with their deep valleys 
of denudation, their bold and abruptly-broken 
eminences and out lying masses. 
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THE LIAS FOBMATION AlO) HEW RED SANDSTONE— HAQNESIAN 

LIMESTONE. 

General character of the Lias Formation— Section of, obtained by sinking 
near Bath — Range and extent — Thickness and elevation — Remarkable 
Oi^anic Remains— Alum Shales of Whitby, and mode of making Alum — 
Agricultural character— Mineral Springs of Cheltenham, Bath, &c. — 
Water. — New Red Sandstone, or Red Marl— Range and extent — General 
character — Building-stone — Artificial Caverns — Brine Springs and Rock 
Salt — Section of the Strata at Northwich— Beds of Gypsum — Thickness 
and elevation — Agricultural character — Water and Medicinal Springs — 
Fossil Remains. — Magnesian or Conglomerate Limestone— Character as 
a Building-stone — Analysis of— General Properties — Section of in the 
North of England. 

This is the lowest of the series of limestones and 
clays included under the general term of the Jura 
formations^ in which it is classed with the oolites, 
though possessing but little of the peculiar cha- 
racter of those rocks. It consists of numerous beds 
of marly clay, separated by layers of imperfect 
limestone, varying from a few inches to several 
feet in thickness. The thinness of many of these 
beds of stone, and the regularity with which they 
are superimposed upon each other, when a vertical 
section is exposed in a quarry, or when they 
form cliffs on a sea-shore, produce a riband-like 
appearance. The stone of the upper beds is soft, 
and contains much clay, but those in the lower 
part of the formation are more compact and cal- 
careous, and consist of blue and white stone, 
divided by very thin seams of clay or marl. 
Several of the beds afford valuable slabs for 
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paving and the floors of houses^ and being capable 
of receiving a tolerable polish, are frequently used 
for ornamental purposes. The remarkable stone 
called Gotham marble, or landscape stone, is found 
in detached masses of this formation. In the dis- 
tricts where the Lias occurs, it is extensively used 
both in agriculture and building; for the latter 
purpose it is rather a perishable material if much 
exposed to the weather, and requires to be selected 
with care for that purpose, and laid in walls in its 
natural position. It produces a good lime, which 
has the valuable property of setting under water, 
and is thencecalled hydraulicUme; but this property 
pertains more particularly to nodules of this stone 
found in the irregular beds, and which, like those 
of the London clay, are called cement stones, and 
septaria. The clays of this formation are in some 
situations more or less bituminous, and the kilns 
where the stone is burnt emit a disagreeable and 
offensive smeU, perhaps partly owing to iron py- 
rites, which is very common in this formation, the 
decomposition of which produces the alum shales 
of Whitby, on the coast of Yorkshire, and the 
spontaneous inflammation observed on the coast of 
JJorset. The abundance of bitumen in some 
parts, has led in this, as in many other instances, 
to fruitless sinkings for coal. A remarkable in- 
stance of these unsuccessful trials for coal at Bath 
Easton, near Bath, is recorded by the Rev. W. D. 
Conybeare, of which an accurate account was pre- 
served. On this occasion the lias formation was 
sunk through, and, as it contains, perhaps, a more 
particular description of the several beds than aoy 
other, it is given below : — 
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Upper Marl 



True Lias Beds 



Lower Maria 



/ Yellow clay . . 
Blue marl . . 
Stone .... 
Blue marl . . 
Stone .... 
Blue marl . . 
Blue rock . . 
Marl .... 
Stone .... 
Blue marl . . 
Bock .... 
Marl .... 
Stone .... 
Blue marl 
Stone .... 
Blue marl • . 
Stone .... 
Blue marl . . 
Stone .... 
Blue marl . . 
Stone .... 
Marl .... 
Marl and stone . 
Stone .... 
Marl .... 
Stone .... 
Marl and stone . 
Ditto . . 
Hard marl . . 
Hard rock . . 
Blue stone . . 
Hard blue stone 
Stone .... 
White Lias rock 
Blue marl . . 
Stone .... 
Clay ... . 
Rough blue marl 
Black marl . . 
Light blue marl 
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Jied Ground of New Sandstone Formation, 



The Lias formation is one of the most extensive 
the secondary rocks of England^ and stretches 
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from the mouth of the river Tees, on the north 
coast of Yorkshire, to Lyme Regis, in Dorsetshire; 
after crossing the Humber, it follows the course of 
the Trent to Newark, from whence, proceeding in 
a nearly south-west direction, it occupies a large 
portion of the counties of Kutland, Leicester, 
Northampton, Warwick, Oxford, Worcester, and 
Gloucester ; about Bath its continuity is somewhat 
broken, but it again spreads wide in the lower part 
of Somerset, at the foot of the Blackdown, 
whence it continues, with but little interruption, 
to the coast at Lyme Regis, On the eastern side 
it is laid bare by the valleys of denudation, which 
cutting through the incumbent oolites, give it 
an exceedingly irregular outline ; on the west the 
boundary line is less broken, but nevertheless 
exhibits numerous projections, with some outlying 
masses, and a large detached mass occurs as far 
west as Whitchurch, in Shropshire, Many de- 
tached portions or outliers occur in the north-east 
of Somerset, and a long ridge called the Hog s 
Back, extending into the marshes of that county, 
points to the remarkable outlier Brent Knoll, and 
that beyond the river Parret, on the coast of the 
Bristol Channel. In South Wales the lias occu- 
pies a considerable part of the sea-coast of Gla- 
morgan, with outliers at Cardiff and Newport. 
A small portion of this formation occupies the 
southern part of the Isle of Skye, on the western 
coast of Scotland. 

The surface of the lias strata is generally flat, 

with occasional ridges of no very considerable 

elevation; but on the west it occupies higher 

positions, where it is seen resting unconformably 

upon broken edges o? \Ke Til^hly-inclined moun- 
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tain limestone, as remarkably displayed on the 
road leading from Shepton Mallet to Frome, just 
above the former town ; it rises to a considerable 
height at the eastern end of the Blackdown, of 
which it forms the base for a considerable distance ; 
but perhaps it attains its greatest elevation along 
the flanks of the Mendip Hills, where it is pro- 
bably 500 feet above the level of the sea. Its 
thickness in the midland counties is estimated at 
from 400 to 500 feet. 

The fossil remains of this formation are very 
numerous, and some of them of the most extra- 
ordinary character. The most remarkable of the 
inhabitants of the sea in which those rocks were 
deposited, was the Ichthyosaurus, which appears in 
some respects to have resembled the grampus, with 
four large paddles, and a long tail. Its jaws were 
of the most formidable kind, having an opening 
in some specimens of eight feet, of a tapering and 
pointed form, and armed with rows of conical 
teeth, in some instances 200 in number. It ap- 
pears to have been an animal of the most ferocious 
character, preying not only on fish, but upon the 
smaller fry of its own species, as has been 
ascertained from the undigested bones preserved 
in the coprolite, or fossil dung, a iact which, after 
the lapse of such immense periods of time has 
lately been revealed to us by the researches of 
Pro^ssor Buckland. The eyes of this reptile 
were proportioned to the size of the body, being 
remarkably large, and in some instances of the size 
of an ordinary dish, and of a structure calculated 
to give it great powers of vision for the pursuit of 
its prey. The numbers of these animals inhabiting 
the ancient seas must have been enormous, as tke 

L 
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remains of their bones and fossil dung are found 
in such quantities in some of the lias beds as to 
have entitled them to the name of bone-beds. The 
extraordinary structure of this animal is thus 
described by Baron Cuvier : — '* It has the snout of 
a dolphin^ the teeth of a crocodile, the head and 
sternum of a lizard, the paddles of a whale, and 
the vertebrae of a fish." Another monster, the 
remains of which are found in the beds of the 
lias, is the Plesiosaurus, which, with a shorter 
body, was also furnished with four paddles, and a 
long neck, like that of a serpent, and a small 
head ; a structure which fitted it to find its prey 
in shallow waters, or for seizing such as flew above 
them. Both these animals are altogether different 
from any now existing in our planet. Tlie remains 
of these reptiles have been found nearly perfect in 
the lias beds of Whitby and Lyme Regis ; and 
beautiful specimens of them, as well as of their dis- 
jointed members, are preserved in the British 
Museum. From the bone-beds of this rock at 
Westbury, near Bristol, and the fragments fre- 
quently met with by the quarrymen in the interior 
of Somerset, at Street, near Wells, and Pylle, 
near Shepton Mallet, as well as at the places on 
the coast above mentioned, it seems highly pro- 
bable that they might be found in every portion 
of the lias formation, if sought for ; and as the 
rocks in which they are discovered contain a large 
portion of phosphate of lime, such discoveries are 
calculated to confer a lasting and valuable benefit 
upon agriculture, by supplying that indispensable 
substance, phosphate of lime, or bone-earth, of 
which Dr. Turner found 50 per cent, in the fossil 
bones and teeth of Iheae saurianS) and some speci- 



THE LIAS. — ALUM SHALE. 147 

mens of tbe Has lime have afforded as much as 
14 per cent. The remains of shell-fish are very 
numerous, including several species of ammonites, 
with nautilites, gryphites, and belemnites ; the 
former are often very large, and of such frequent 
occurrence, as to occupy a considerable portion of 
the beds at Lyme Kegis, which have oeen laid 
bare by the action of the sea, and present an 
extensive beach at low water. Wherever the 
rock is broken, others present themselves which 
have been enveloped in the stony mass. In the 
lias countries these are frequently seen in the 
face of walls built of this stone, and also in the 
fragments used for mending roads, sometimes 
composing almost the entire mass. These fossils 
often contain sulphuret of iron, and when they 
are sawed througn, exhibit the chambers of the 
shell beautifully marked by that mineral, which 
seems to have taken the place of the walls which 
divide them. 

The vegetable remains consist of gigantic reeds 
and fossil wood ; the reeds sometimes standing 
erect as they grew, but generally broken off; at 
othera they lie flat, and are compressed ; both pre- 
senting sandstone casts. The wood in many in- 
stances is charred; in others silicified,or coated with 
agate, or penetrated with oxide of iron. In the alum 
shale of Whitby are found the trunks and branches 
of trees, the bark and softer parts of which have 
been converted into jet ; and leaves and impres- 
sions like those of the palm are found in the sand 
and ironstone of the same place. 

The alum strata and the process of making 
alum are thus described by the Rev. W. D. Cony- 
beare : — ** Over the alum shale lies a bed of hard 
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compact stone six or twelve feet thick ; the work- 
men call it dogger, a name by which they also 
designate the septaria or cement stone, and the 
component parts appear to resemble each other. 
The colour of the recent fracture of the dogger is 
bluish-grey, divided into nearly cubical masses by 
transverse fissures, filled with a soft ferruginous 
earth, containing thin ochreous plates, having the 
earth between them. The whole of the upper 
part of the alum shale resembles indurated clay 
when first wrought, but by exposure to the atmo- 
sphere, it suffers decomposition, and crumbles into 
thin layers. The colour of the shale is bluish- 
grey, and varies in hardness. The upper part of 
the bed near Whitby may be crumbled in pieces 
between the fingers, but at a considerable depth 
is as hard as roofing slate. At the depth of about 
250 feet from the top of Boulby Cliffs, which rise 
450 feet above the level of the sea, the shale loses 
Its unctuous feel, and becomes mixed with a large 
portion of sand and mica, in shining scales. It 
becomes of a light-^rey colour, and encloses seams 
of ironstone; but oelow this part the rock re- 
sumes its softness and smoothness. It abounds in 
iron pyrites. The upper part is most abundant 
in sulphur, which decreases in going down ; but 
the bituminous substance increases, and the rock 
becomes hard and slaty; so that a cubic yard 
taken at the top of the stratum is as valuable as 
five cubic yards taken at the depth of 100 feet 
When a quantity of the schistus is laid in a heap, 
and moistened with water, it takes fire sponta- 
neously, and will continue to burn until the whole 
of the combustible part is exhausted. A part of 
the cliff that fell some years ago was exposed 
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to the tide, when It took fire, and continued 
to burn during two or three years. That part of 
the alum shale of Whitby which is earthy, rather 
than slaty, yields the greatest quantity of alum. 
A layer of brushwood is laid in the first instance, 
and shale is thrown down upon it, until a consi- 
derable mound is raised. The brushwood is then 
lighted, and a slow combustion ensues; another 
layer of brushwood is then placed beside the first, 
and is, in like manner, covered by a mound of 
shale ; still others are added ; and these mounds, 
with fires beneath, are extended on all sides. 
When the shale has effectually caught fire, it 
continues to bum without any addition of fuel. 
It is afterwards thrown into vats of water, and 
boiled twenty-four hours; it is then conveyed into 
other vats, where, an alkali being added, it crys- 
tallizes; it is then dissolved again, and purified 
by a second crystallization. When thus prepared, 
it is shipped off for London, and thence to Sweden 
and Russia," 

The cold clay soils of the lias formation are 
unfavourable for tillage, but afford, when drained 
and skilfully managed, good crops of wheat and 
pulse, especially tares, to which they are very 
favourable. 

The pastures, especially the uplands, are cold 
and backward, and the herbage coarse and infe- 
rior, though capable of great improvement by 
draining and manuring ; and some of the lowlands 
are well adapted to the dairy, and the orchards 
upon them produce excellent cider, particularly 
when the upper beds blend with the lower ones 
of the oolitic sand. This formation seems to pre- 
sent, perhaps more than any of the clays, the 
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means of agricultural improvement^ by burning 
the shelly beds, which are rich in calcareous 
matter, and, in some plaoes, in organic remains 
and phosphate of lime. It is more than probable 
that the lime produced from the beds of this stone 
owes its fertilizing properties chiefly to the latter 
substance, as it is found to have a most beneficial 
effect upon the wheat crop, which immediately 
succeeds its application. 

The mineral waters of Leamington, Warwick- 
shire ; Cheltenham ; Glastonbury ; Alford, near 
Castle Cary ; and the hot springs of Bath, rise in 
this stratum. The following are the analyses of 
the celebrated saline waters of Bath and Chel- 
tenham : — 

BajOi Waters, by Scudamore. 

SOLID OONTENTS OV A PIHT. 

Grains. 

Muriate of lime 1.2 

Muriate of magnesia 1.6 

Sulphate of lime 9.5 

Sulphate of Boda 9 

Silica 2 

Oxide of iron 02 

Loss, partly carbonate of Boda ... .58 

14. 

CJieltenham Waters, by Parkes and Brande, 
SOLID ooNTBirrs ov A Pnrr. 

Grains. 

Sulphate of soda 15. 

Sulphate of magnesia 11. 

Sulphate of lime 4.5 

Muriate of soda 50. 

80.5 

Large supplies of water are generally obtained 
in the lias by sinking to the lowest beds. 
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THE NEW RED SANDSTONE^ OR RED BIARL. 

This formation extends from a little to tbe 
south of Hartlepool, in the county of Durham, to 
Torbay, on the south coast of Devonshire, occu- 

fying a considerable portion of the counties of 
)urham, York, and Nottingham, and spreading 
wide over the midland counties, including Derby, 
Lancashire, Cheshire, Shropshire, Staffordshire, 
Leicestershire, Warwickshire, Worcestershire, 
Gloucestershire, with a portion of Somerset and 
Devon. The breadth is much contracted in Glou- 
cestershire, and from thence is much broken and 
overlaid in its course towards the south coast. 
A detached portion occurs in Cumberland, sur- 
rounding the city of Carlisle. 

Generally speaking, this formation may be said 
to consist of strata of siliceous sand, clay, (some- 
times calcareous,) and beds and conglomerates of 
boulders and pebbles, derived from the destruction 
of older rocks. 

The clay and sandstone are either red or of a 
salmon colour, sometimes exhibiting streaks of a 
light blue and cream colour, and at others be- 
coming nearly white. Though the sandstone and 
clays are often interstratified, generally the con- 
glomerates form the lower portion, the sandstone 
the next, and the clay or marl the uppermost. 
At Sidmouth, on the south coast of Devon, where 
the cliffs rise about 800 feet above the sea beach, 
the sand occupying the lower portion is covered 
by the red clay or marl of 300 or 400 feet in 
thickness, which is again surmounted by a deep 
bed of the greensand, containing flints. Deep 
beds of conglomerate occur in the valleys of 
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Somerset, to the west of the Quantock Hills, and 
also in Devonshire, on the road to Exeter, where 
they are quarried for the limestone boulders and 
for mending the roads. 

Many places derive their names from the striking 
and prevailins^ red colour of this formation; as 
Biougemont Castle, Exeter; Kadstock, Redhill, 
and Redcliffe, Somerset; Red Marley, Worces- 
tershire ; Radford, Warwickshire ; Retford, Not- 
tin<a:hamshire ; Rotherham, Yorkshire, &c. 

The sandstone is generally rather fine-grained 
and of soft texture, and therefore too perishable 
for architectural purposes, though in some situa- 
tions it affords a stone of excellent quality, and 
nearly white. In many localities this rock has 
been extensively excavated in ancient times, of 
which there is a remarkable instance &t Notting- 
ham, which is called the Home of Caverns. An 
obscure tradition prevails, that these and similar 
caverns were formed for the purpose of habita- 
tion ; and some of them are called Druids' caves. 
The cliffs or sections of this sandstone have a 
remarkably uniform appearance wherever they 
occur ; and these, as well as the soils they bear, 
have a rich, warm, and agreeable effect in the 
landscape. 

The mineral contents of this formation are very 
remarkable and important, as it affords beds of 
rock-salt of great thickness, and inexhaustible 
brine-springs, as at Northwich and Namptwich 
in Cheshire, and Droitwich in Worcestershire; 
from which circumstance it is sometimes called a 
saliferous formation. In the valley of the Weaver, 
which river flows through the red marl in Che- 
shire, numerous springs occur, which contain above 
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twenty-five per cent, of salt. There are several 
solid beds of salt, with abundance of gypsum, also 
in this valley. The most important of these occur 
at Northwich, where two beds of rock-salt are 
worked, the united thickness of which appears to 
approach 200 feet. This deposit of salt extends 
over a space about a mile and a half in length, and 
three quarters of a mile wide, and therefore would 
appear to be inexhaustible. The following is a 
section of the workings, given by Dr. Holland. 

Section of the Strata sunk through to the Second Bed of Bock- 
Salt, at Witharrif near Northwich. 

Ft. In. 

1. Calcareous marl 15 

2. Indurated marl 4 6 

3. Indurated blue clay, with sand 7 

4. Argillaceous marl 10 

5. Indurated blue clay 10 

6. Bed clay, with sulphate of lime irregularly 

intersecting it 4 

7. Indurated brown clay, with grains of sul- 

phate of lime 4 

8. Indurated brown clay, with sulphate of lime 

crystallized in irregular masses and in 

large proportion 12 

9. Indorated blue clay laminated with sulphate 

of lime 4 6 

10. Argillaceous marl 4 

11. Indurated brown clay, with sulphate of lime 3 

12. Indurated blue clay, with ditto .... 30 
18. Red and blue clay 12 

14. Indurated brown clay, with sand and sulphate 

of lime. The fresh-water (860 gallons per 
minute) finds its way through holes in this 
stratum, and has its level at 16 yards from 
the surface 13 

15. Argillaceous marl 5 

16. Indurated blue clay, with sand, and grains 

of sulphate of lime 3 9 

17. Indurated brown clay, with a little sulphate 

of lime 15 

18. Blue clay, with sulphate of lime .... 16 
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Ft. In. 

19. Brown clay, with sulphate of lime .... 70 

20. First bed of rock-salt 76 

21. Layers of indurated clay, with veins of rock- 

salt running through them 31 6 

230 9 

22. The second bed of rock-salt, which has been 

sunk into 105 to 108 feet. 

These mines of rock-salt are worked somewhat 
after the manner of coal mines, by leaving large 
pillars to support the roof, and afford upwards of 
60,000 tons of salt annually, the larger portion of 
which is exported, and the remainder purified by 
dissolving it in water and subsequent crystalliza- 
tion. The Cheshire mines of rock-salt were dis- 
covered by an unsuccessful sinking for coal in the 
year 1670, previous to which the supplies of salt 
were obtained from the brine springs of Droit- 
wich. From these two sources is derived almost 
all the salt consumed in England, and upwards of 
half a million tons for exportation. 

The following are the beds sunk through in 
Worcestershire: — mould 3 feet, marl 35 feet, gyp- 
sum 40 feet ; a river of brine 22 inches, gypsum 
75 feet ; a rock of salt bored into 5 feet but pro- 
bably extending much deeper. In Nottingham- 
shire, masses of gypsum are seen imbedded in the 
marl on either side the railroad, where the deep 
cuttings pass through it. Coast Cliff on the 
Severn exhibits large layers of gypsum, and the 
cliffs at Watchet on the north coast of Somerset 
are Intersected with it in all directions ; gypsum 
occurs at Somerton in the same county, and seems 
indeed to be a prevailing mineral in the red marl. 
Lead and copper ores are also said to be found In 
this formation, but not in any workable quantity. 
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The tUckness of the strata varies very much ; In 
the county of Durham they have been sunk into 
more than 700 feet without passing through them. 
At West Bromwich the Earl of Dartmouth has 
lately sunk through the new red sandstone many 
hundred feet into the rich coal beds beneath. At 
Sidmouth^ in Devon, the lofty cliffs composed of 
sandstone and marl exhibit a face of at least 600 
feet, and the sand rock is with good reason sup- 
posed to descend far beneath the level of the sea. 
In Somerset, however, this formation appears to 
thin out, and the coal pits near Bath are sunk 
through it, together with the overlying lias and 
inferior oolite, into the coal measures. At Puckle- 
ridge, in Gloucestershire, also, it has no consider- 
able thickness, as it was passed through in sinking 
for coal at the depth of 153 feet; while at 
Evesham, in Worcestershire, it was found to be 
600 feet thick. 

Though the new red sandstone spreads over so 
wide a portion of the central part of the kingdom, 
it nowhere attains to any great elevation, as the 
highest part which divides the tributary streams 
of the Trent and Severn does not exceed 400 feet 
above the level of the sea. 

Great difference exists in the agricultural cha- 
racter of this formation, some portions being so 
sterile as scarcely to support any vegetation, from 
the extreme looseness of the sand and the very 
small quantity of impalpable matter in the soil. 
In the tract called the Forest of Sherwood, in 
Nottinghamshire, the soil consists for the most 
part of a deep, loose, and very fine sand, so light, 
as in dry weather to be driven in clouds before 
the wind; yet by the application of skill and 
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capital^ the effect of which is nowhere more con- 
spicuously manifested, the drifting unpropitious 
soil is made to bear remunerating crops of turnips, 
barley, clover, grass, rye, and even wheat. Where 
the sands are heavier, the skill with which they 
are cultivated renders them exceedingly prolific in 
all the usual products of convertible husbandry; 
while the mixed soils and the marly districts 
afford the most fertile arable and pasture land of 
any of the regular strata of England ; and it might 
be safely asserted that no other district presents 
more beautiful and numerous instances of the 
combined effect of high cultivation, affluence, and 
taste, which are the general diaracteristics of 
British scenery, and excite the admiration of 
foreign travellers. Besides the productiveness of 
the soils of this formation under cultivation, it sus- 
tains some of our finest forests of native timber, 
the oak of which is highly prized by the ship 
builder, both on account of its size and durability. 
The Forest of Sherwood, which once covered a 
large portion of the county of Nottingham, but 
which has now almost entirely given way to cul- 
tivation, is remarkable for the gigantic size of its 
oaks, of which many monumental specimens 
remain, though in a state of extreme decadence. 
One of them, on the estate of the Duke of Port- 
land, at Welbeck Abbey, is of such dimensions as to 
admit of the passage of a carriage through the open- 
ing of its decayed trunk. The magnificent Parks of 
Clumber, Welbeck, Thorsby, and Worksop Manor, 
with their extensive woods and plantations, to- 
gether with the rich grovy scenery of Osberton, 
Curlton, and other neighbouring beautiful locali- 
ties, sustain in some degree the fallen grandeur of 
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the ancient and once noble Forest of Sherwood. 
The extensive destruction of this forest, however, 
cannot be regretted, since from being the unpro- 
ductive harbour of lawless bandits, it is now 
adorned with princely mansions and the cheerful 
habitations of respectable yeomen, and a thriving 
population, whose skilful and productive labours 
reflect the highest honour upon British agriculture. 

In the marl of this formation it is generally 
necessary to sink deep for water, and it is usually 
hard when obtained, from the prevalence of sul- 
phate of lime (gypsum); but in the sand rock it is 
often obtained at a much less depth, and usually of 
great purity. Many medicinal springs occur, as 
at Thirsk, Croft, Knaresborough, and Kipon, 
Yorkshire ; Gainsborough, Lincolnshire ; More- 
ton and Wellington, Shropshire ; Thornton, Not- 
tinghamshire ; Ceamington and Newnham Regis, 
Warwickshire ; and Tewkesbury, Gloucestershire. 

The new red sandstone affords but few fossils, and 
those found consist chiefly of fragments of shells and 
the bones and teeth of reptiles, with the impression 
of footmarks of those or similar animals. The im- 
pression of ferns and other plants resembling those 
in the coal measures, have been found on the 
marly beds and silicified wood in the sandstone. 
The quartzy pebbles which are extensively scat- 
tered through the sands of this formation some- 
times afford impressions of shells, but these belong 
to older rocks. The footprints above alluded to 
are very remarkable, and nearly resemble the 
impression of a hand, though of a great variety of 
dimensions, and were probably made by animals of 
whose existence we have no other indication. In 
a rock corresponding with the new red sandstone. 
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in North America, have been found the footprints 
of wading birds of colossal dimensions, far exceed- 
ing any now in existence. 

Extensive deposits corresponding with our new 
red sandstone occur in various parts of Europe and 
America, with which are associated deep beds of 
limestone. 

MAGNESIAN OR CONGLOMERATE LIMESTONE. 

This rock crops out from beneath the new red 
sandstone, and extends from the river Tyne, 
at Sunderland, to the neighbourhood of Not- 
tingham, with a variable breadth seldom exceed- 
ing ten miles. It is a yellowish glimmering 
sub-granular limestone, containing about 20 per 
cent, of magnesia, and is the material used in the 
construction of York Minster and Westminster 
Hall, and from observations made upon its durability 
in those and other ancient structures, was selected 
for the erection of the new Houses of Parliament 
The analysis of 100 parts of the stone of York 
Minster gave the following result : 

Carbonic acid 47. 

Lime 33.24 

Magnesia 19.36 

Iron and Clay 40 

100. 

The proportion of magnesia differs very much 
in other specimens, nor is it likely that it 
should be at all constant. It has a more sandy 
appearance than other limestones, and is often 
associated with conglomerate limestone of older 
rocks, varying from the size of large pebbles to 
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very fine grains. Though its general colour is 
yellowish or buff, it varies from almost white to 
a fawn or salmon colour^ and is occasionally of a 
brown or reddish hue. Besides its use for build- 
ing purposes, it is also used for forming steps and 
troughs for containing water, and though not 
sufficiently compact to deserve the name of marble, 
yet slabs of it are sometimes polished at the Sun- 
derland quarries. When burnt to lime, it forms 
an excellent material for mortar, and is used also 
as a cement, which when mixed with bullock's 
blood is used for mending boilers. This lime is, 
however, unfit to be applied to the land in the 
large way, by reason of the magnesia remaining a 
long time caustic, in which state it is injurious to 
young plants. In small quantities it proves bene- 
ficial to most soils, and is conveyed from Sunder- 
land to Scotland to be so applied. The lowest 
beds of this formation afford a blue stone, which 
produces lime of good quality, and is quarried at 
jBolsover, Encrift, Barborough, and Houghton, in 
Yorkshire. The upper beds in Nottinghamshire 
are often overlaid by thin beds of an exceedingly 
tough and retentive clay. 

Magnesian limestone occurs overlying the coal 
near Whitehaven, connected with red marl of the 
vale of Carlisle, and also in Dumfriesshire, Scot- 
land. Magnesian conglomerates were found in 
sinking for coal near Bath, and occur at Wick 
Rocks, north-west of Bath, r^ing in horizontal 
beds on the highly inclined strata of the coal mea- 
sures and mountain limestone of the Gloucester 
and Somerset coal-field. These conglomerates 
occur also on the south of the Avon, and along the 
flanks of the Mendip Hills, of which one locality 
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is the remarkable cavern of Wookey Hole. In 
the north of England the magnesian limestone has, 
according to Professor Sedgwick, a thickness of 500 
feet, and rests upon marly beds and bands of com- 
pact and shelly conglomerate limestone, and a sand 
rock called the lower new red sandstone, which by 
their conformity with the coal measures beneath, 
both in stratification and organic remains, cause 
them to be regarded as a distinct formation from 
the sandstone above, which is therefore called the 
upper new red sandstone. So marked is the diflfer- 
ence of the fossils contained in the magnesian 
limestone, and the conglomerates and sandstone 
beneath, from those of the upper new red sand- 
stone, as to cause the distinctive name o( Palaeozoic, 
signifying " ancient life," to be applied to them. 

The relative position and character of these 
several strata in the north of England, are thus 
given by Professor Sedgwick : — 

Grey thin bedded limestone. 

Red marl and gypaum. 

Magnesian limestone, (Zechstein of the 
Germans,) a deposit attaining a thick- 
ness of 500 feet, often earthy bat 8ome> 
times hard and crystalline. 

{Marly beds associated with thin bindi 
of compact and shelly limestone. 
Lower new red sandstone, (Rothe-todle- 
hegende of the Germang.) 

Sir R. I. Murchison has recently discovered that 
a formation strictly corresponding with our magne- 
sian and lower red sandstone extends over 700 
miles along the western flank of the Ural Moun- 
tains in Kussia, and 400 miles between those 
mountains and the River Volga, to which he has 
given the name of the Permian System, from an 
ancient kingdom called Permia. 
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in Ireland and Scotland— Newcastle District — Choke and Fire-damp of 
Mines — Great Coal-field of Yorkshire— North Stafibrd— Newcastle- 
under-L3me— Manchester and South Lancashire — Whitehaven — Ashby — 
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Somerset — Great South Wales Coal>field— Coal-fields of Ireland — 
Foreign Coal Formations— Agricultural character of the Coal Measures — 
Water in Coal Mines — ^Thermal, Clialybeate, and Sulphureous Springs. 

We are now arrived at a stage in the descend- 
ing series of the secondary rocks, which presents 
a very marked difference in their general charac- 
ter, but more especially with regard to the highly 
inclined position of most of the rocks, and the 
organic remains discovered in them. Owing to 
both these facts, but particularly the latter, geolo- 
gists have distinguished them by the name of 
Palaeozoic rocks (ancient life), in which class they 
have indeed included also the magnesian limestone 
and sandstone just described. This class, including 
all the remaining fossiliferous strata yet to be 
noticed, have been further distinguished by the 
terms upper, middle, and lower palaeozoic. 

Werner, the founder of the German school of 
Geology, observing that an extensive series of 
rocks, in that part of Germany in which he studied, 
lay conformably one over the other, and in nearly 
a horizontal position, denominated them flaetz 
or flat rocks, and the term was once adopted in 

M 
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England for all the rocks above the carboniferous 
system, where the same general disposition wa3 
observed, though with many exceptions. A more 
extended observation, however, has shown that 
this position of the strata could not be considered 
as a distinguishing characteristic anywhere, as in 
numerous instances these so-called flat rocks have 
been found to have every degree of inclination, 
doubtless owing to the changes which have since 
their deposition affected the rocks upon which 
they repose, and which we are now about to 
describe. 

The carboniferous system of England may be 
represented in the following table : — 

1. The coal measures with their grits and shales. 

2. The millstone grit. 

3. The carboniferous or mountain limestone. 

4. The lower carboniferous shales. 



COAL MEASURES. 

These formations are extensively dispersed over 
the more northern and western part of our island, 
while to the eastward of a line drawn from the 
mouth of the Tees to the Island of Portland, no 
coal measures or any considerable deposits of coal 
occur. These strata are the next in ord«r in the 
descending scale to the new red sandstone and the 
magnesian limestone before described, and consist 
of alternating beds of shale or indurated clay, 
sandstone, coal, and in many instances clay, iron 
ore, and limestone, resting for the most part upon 
a deep stratum of sandstone, or of mountain or 
carboniferous limestone. The beds of coal are 
often very numerous, varying from a few inches 
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to many feet in thickness ; they are evidently of 
vegetable origin, as is manifest from examination of 
thin fragments of coal by the microscope, and also 
from the immense number of the impressions of a 
great variety of ferns and reeds which abound in 
the intervening beds of sand and shale, of which a 
large collection has been deposited in the British 
Museum ; the whole belonging to species of plants 
now entirely extinct. It appears probable that 
these beds of coal were produced, for the most part, 
by the accumulation of beds of peat, often of great 
thickness, and by the transported masses of an 
exuberant vegetation, carried down from the land 
into lakes and estuaries, and successively covered 
up by drifted silty and sandy deposits, while the 
limestone, and the beds of iron ore, which some 
of these measures contain, must be referred to the 
same operations, both mechanical and organic, 
which produced them in the peat bogs, and in the 
seas and lakes of the present period. The fossil 
vegetable remains of the coal formations, wherever 
they are found, afford the most convincing evi- 
dence of a climate of equal, if not much higher 
temperature than that which now prevails in the 
intertropical regions, as the fossil reeds and ferns 
are of gigantic size, very far exceeding in dimen- 
sions any plants of a similar character which the 
hottest coimtries now afford, and must have 
been the production of an exuberance and rapidity 
of growth of which we can scarcely form any con- 
ception. Fossils of a similar kind to those found 
in our coal measures, were discovered by Captain 
Sir E. Parry, in one of his arctic expeditions, as 
far north as the 70th degree of latitude, which 
manifests, in an equally striking manner as the 
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discovery of the elephant in the ice of the river 
Lena, the great changfea of cliniate which at remote 
periods have taken place upon our globe. The 
coal measures almost everywhere exhibit proofs 
of their having undergone great disturbance ance 
their deposition and solidification, as they are 
rarely horizontal, and are generally highly in- 
clined, and when covered up oy the newer strata, 
the latter are found resting unconformably upon 
their steep sides or broken and upraised edges. 
In numerous instances these strata have been in- 
vaded by trap rocks, by which they have been 
penetrated, divided, and elevated, producing those 
dislocations called faults, by which beds once 
continuous have been separated sometimes many 
hundred feet from each other, causing often great 
perplexity and enormous expense to the miner. 
The following section will afford some idea of the 
nature of these faults : — 




The coal mines of Great Britain, taking them 
collectively, are the most productive of any in the 
world, and are the real solid foundation of her 
wealth, power, and political ascendancy. This 
support of her greatnfcBS appears to be almost 
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inexhaustible, even by the immense demand which 
is daily increasing, for domestic, manufacturing, 
and locomotive purposes. We have not before us 
any very recent calculations of the consumption 
of coals ; but it appeared in evidence given by Mr. 
Buddie before a Committee of the House of Lords 
and Commons, in 1830, that the annual consump- 
tion of England and Wales only was as follows : — 

Manufacture 3,500,000 chaldrons. 

Sent coastwise .... 3,000,000 ditto. 

12,000.000, or 16,200,000 tons. 

In the year 1828 the exports of coal from the 
Tyne and Wear were 3,200,000, and the consump- 
tion on the spot was estimated at 660,000 tons; 
so that the quantity of coals annually raised from 
this coal-field only amounted to nearly 4,000,000 
tons. 

Mr. Taylor estimates the quantity of coal 
contained in the Durham and Northumberland 
coal-fields to be 6,046,320,000 tons, which would 
supply such a consumption as that above given 
1,500 years. Such calculations as the latter must 
obviously be very vague, and they have been dis- 
puted by the most eminent geologists. As, however, 
they are founded upon certain known data, they 
afibrd us sufficient assurance, notwithstanding the 
increased consumption since that period, that it 
will require many ages at least to exhaust this 
'eat mineral treasure, and that the decadence of 
rreat Britain, so far at least as it depends upon 
the diminished production and failure of its mines, 
must be slow and gradual. 
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The principal coal-fields of the United Eangdom 
are the following : — 

1. The south of Scotland, extending from sea to sea, and 

north and south of the Firth of Forth. 

2. Northumberland and Durham. 

3. Yorkshire, Derbyshire, and Nottinghamshire. 

4. Whitehaven. 

5. South Lancashire. 

6. North Staffordshire and Potteries. 

7. South Staffordshire and Warwickshire. 

8. Shropshire fields, including Colebrook Dale and 

Shrewsbury. 

9. Forest of Dean, Gloucestershire. 

10. South Gloucestershire, or Bristol field. 

11. Somerset. 

12. North Wales. 

13. South Wales. 

To these must be added the limited fields of the 
north and south of Ireland. 

The principal geological features of these coal- 
fields are the numerous alternating beds of sand- 
stone, shale, limestone, and ironstone, which 
separate the seams of coal, and the great disturb- 
ance to which they have been subjected. In order 
to give a more perfect idea of these remarkable 
and important formations, we subjoin a short 
description of each of the principal of them, with 
occasional sections of the several beds of which 
they are composed. 

In Scotland, the coal measures rest upon the 
old red sandstone, and occupy a considerable por- 
tion of a space of about 100 miles in lenj^th and 
40 miles wide, extending from the German Ocean 
. to the Irish Channel. Upon the old red sand- 
stone rest similar beds with impressions of plants, 
and some thin beds of coal. To these sandstones 
succeed a number of thin beds of limestone, alter- 
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nating with others of sandstone and shale, and also 
of coal of no value ; upon these rest thick lime- 
stone strata, upon which the valuable coal mea- 
sures repose. The beds of which these productive 
measures are composed are very numerous, not 
less than from three to four hundred, of which 
upwards of eighty are coal. The total thickness 
is enormous, and is estimated at 5,000 feet. The 
iron ore they afford is of very superior quality, 
and the affluence of the south of Scotland, in these 
valuable minerals, has enabled it to extend its 
manufacturing operations, and to maintain a suc- 
cessful rivalry in several important branches with 
England. 

The great Coal -field of Northumberland and 
Durham has been described by John Winch, Esq., 
in the fourth volume of the " Transactions of the 
Geological Society," and by Dr. Thompson, in the 
^^ Annals of Philosophy," from which sources the 
following particulars, by the Rev. W. D. Conybeare, 
have been derived : — " The coal mea^v/res of this 
field commence near the river Coquet on the 
north, and extend nearly to the Tees on the south. 
The length of this tract is about fifty-eight miles, 
and its greatest breadth about twenty-four. The 
strata of the mill-stone grit pass under those of the 
coal measures ; which latter pass beneath the 
magnesian limestone, the northernmost point of 
which is near the mouth of the river Tyne. The 
strata of this, as of many other coal-fields, appear 
to dip from the surface; so that a section of them 
gives the idea of the form of a boat. A place 
called Jarrow, which is about five miles from the 
mouth of the Tyne, and on its southern branch, 
is the spot beneath which the beds of coal in the 
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coal measures are found at the greatest depth. 
One of the thickest beds, called the high main, is 
960 feet below the grass at Jarrow, and rises on 
all sides; but as the dip of the strata, which 
averages one in twenty, is not uniform in every 
part in the surrounding district, the bed does not 
rise to the surface at equal distances around that 
place. We may assume that Jarrow is the centre 
of the coal measures, since it is the spot beneath 
which the high-main coal is found at the greatest 
depth beneath the surface. There is a considerable, 
though not perfect uniformity in the distance of 
the several coal beds from each other. Hence, as 
the high-main coal rises to the surface of the 
alluvial soil around Jarrow, we may conclude that 
the beds above and below the high-main arise 
also at a distance from it proportionate to their 
depth beneath it. 

" The inequality of the surface does not affect 
the dip or inclination of the strata constituting the 
coal measures ; so that when they are interrupted, 
or cut off by the intervention of a valley, they 
will be found on the sides of the opposite hills at 
the same levels as if the beds had once been con- 
tinuous. The conclusion is obvious, that the 
present irregularities of hill and dale have been 
occasioned by the partial destruction or dispersion 
of the uppermost strata constituting the coal for- 
mation. The beds of coal and other strata com- 
posing the coal measures are not everywhere of 
uniform thickness; they occasionally enlarge and 
contract so greatly, that it is only by an extensive 
comparison of the whole series that any certainty 
is arrived at of that general uniformity of strati- 
fication which is known actually to exist. From 
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the best information, they are calculated at 1,620 
feet in thickness. 

^* The beds of coal, &c. basset out one after 
another at the surface, each on the east of that 
which immediately precedes it in point of age. 
These beds are sometimes visible, but are more 
commonly covered by alluvial soil. This alluvium 
contains masses of the different rocks composing 
the whole district, and amongst them portions of 
hard black basalt are found everywhere in abun- 
dance. From this stone the ancient inhabitants 
of Britain formed the heads of their battle-axes, 
which are commonly called celts, which resemble 
in shape the tomahawks found in the South 
Sea Islands. Barbed arrows, neatly finished, 
and made of pale-coloured flint, are frequently 
picked up on the moors, and are called elf-bolts. 
This alluvium also contains portions of trap-rocks 
of the Cheviot range, and masses of fine grained 

f'avel appear on the surface of the whole country, 
he whole surface of the coal measures is calcu- 
lated at 130 square miles. The greatest number 
of the numerous mines are situated on both sides 
of the river Tyne, but are not far distant from its 
banks. There are several in the northern part of 
the district, and many about five miles south of 
the Tyne, midway between Newcastle and 
Durham. 

" In the coal measures, forty beds of coal have 
been seen, but a considerable number of these are 
insignificant in point of thickness ; the two most 
important beds are those distinguished by the 
names of high main and low main. The thickness 
of the first is 6 feet, of the second 6 feet 6 
inches. The high main is about 60 fathoms above 
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the low main, which latter is, at St. Anthony*8 
Colliery, not far from Newcastle, 135 fathoms 
from the surface. Between them occur eight 
beds of coal, one of which is 4 feet thick, another 
3 feet thick. Seven beds have been seen under 
the low main, but the quality is inferior, and 
more nearly approaches that of the millstone grit 
and shale series. 

Mr. Winch states, that in Biggs's Main colliery, 
the sinkings continued to the depth of 1,158 feet, 
of which he gives the following particulars : — 

Feet In. 

From the surface of the ground clay .... 102 

Sandstone 42 6 

First seam of coal 8 

Twenty-nine beds of sandstone and shale, 
varying in thickness from 40 inches to 31 
feet, interstratified with eight seams of coal, 
from 5 to 8 inches thick, altogether . . . 418 2 

The high main coal 6 8 

Fifty-two beds of sandstone and shale, varying 
from 5 inches to 34 feet in thickness, int-er- 
stratified with nineteen different seams of 
coal, from 2 to 37 inches in thickness, 

amounting together to 503 2 

The low main of coal which here is only . . 2 9 
Beneath this the sinkings continued through 
ten different beds of stone, from 12 inches 
to 12 feet thick, and two seams of coal of 4 
and 12 inches, making together .... SST 

1,168 

The excellence of the coal is well known, a 
principal cause of which is the small quantity of 
earthy or incombustible matter it contains, which 
is stated to be not more than 1 per cent. 

Some years ago, a practice was adopted, when 
the coal was of a fragile nature, of erecting 
screens for separating the smaller from the 
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sounder coal. This system is now become uni- 
irersal; and immense heaps of refuse small coal 
Eure raised at the mouths of the pits. These soon 
take fire from the heat of the decomposing pyrites, 
and continue to burn for several years. 25 ot less 
than 100,000 chaldrons are thus annually de- 
stroyed on the Tyne, and nearly an equal 
quantity on the Wear. The beds of coal beneath 
have been known to take fire ; and it is recorded 
in the history of Northumberland, that about 140 
years ago, the high main coal took fire and burnt 
for 30 years. 

The choke-^mp and fire-^mp frequently occur 
in these mines, and cause great destruction of life. 
The coal appears to part with a portion of car- 
buretted hydrogen (inflammable gas) when newly 
exposed to the atmosphere ; a fact rendered 
probable, by the well-known circumstance of the 
coal being more inflammable when fresh from the 
pit than after long exposure. The pyritous shales 
that form the floors of the coal mines, decompose 
the water that lodges in them ; and the process is 
constantly operating on a large scale, in the 
extensive waste of the old mines. In whatever 
mode we suppose the gas to be generated, it is 
disengaged abundantly from the high main coal 
seam, but more particularly from the lower main, 
and with a rapidity that is truly astonishing. 
It is well known that the gas frequently fires in a 
shaft long before the coal seam is reached by the 
sinkers; and that the pitmen occasionally open 
with the pick crevices in the coal or shale, which 
emit 700 hogsheads of fire-damp in a minute. 
These blowers, as they are termed, continue in a 
state of activity for many months together, and 
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seem to derive their energy from communicating 
with immense reservoirs of the same inflammable 
air. All these causes, unfortunately, are united in 
the deep and valuable collieries, situated between 
the great north road and the sea. Their air-courses 
are 30 or 40 miles in length ; and here, as might be 
expected, the most tremendous explosions ensue. 
The after-damp or stythe, which follows the blast, 
is a mixture of carbonic and azotic gases, resulting 
from the combustion of the carburetted hydrogen 
in atmospheric air ; and more lives are destroyed 
by this than by the violence of the fire-damp. 
Various means have been resorted to for the pre- 
vention of the disasters consequent upon this state 
of the mines, which destroys hundreds of lives; 
but none of the means employed proved effectual 
till the invention of the safety-lamp by the late 
Sir H. Davy, by the careful use of which the 
miner can pursue his labours in the worst mines 
with little or no danger from the imflammable 
gas. The danger arising from the choke-damp 
can only be prevented by ventilation, to effect 
which, powerful mechanical means are employed 
to drive or draw air down the shafts and along 
the galleries of the mines. 

The sandstone of these coal measures is called 
post by the miners, and when very hard is called 
whin^ the same term given to basalt. A thick 
bed of sandstone on the south of Newcastle, called 
Gateshead Fell, produces the celebrated New- 
castle grindstones, while the softer part of this 
bed, which is sixty-six feet thick, is used for filter- 
ing-stones. In these measures, beneath the sur- 
face soil, potters' clay is found, of a blue or grey 
colour, and sometimes ^ellowiah or orange^ which 
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used in the manufacture of coarse pottery, tiles, 
id bricks. The shales beneath afford thin beds 
r nodules of clay-ironstone, with lead-ore and 
jrrites ; the latter is dispersed in great abundance 
irough the beds of coal and shales, and it is this 
dneral which causes by its decomposition the 
3ontaneous ignition of coal, when heaped toge- 
ler in large quantities, and is often the cause of 
isasters at sea. 

The organic remains of this formation consist 
f impressions of plants, including a variety of 
erns, and a plant resembling a cane. In one of 
he sandstone strata, called firestone, a fossil tree 
^as discovered twenty-eight or thirty feet in 
ength, the trunk and larger branches of which 
vere siliceous, while the bark, the small branches^ 
aid leaves were converted into coal. This alone 
kffords a sufficient proof of the vegetable origin of 
dl the great masses of the beds of coal. The 
imall veins of coal called by the miners pipesy 
)robably owe their origin to small branches of 
;rees. Bivalve shells are found, resembling those 
)f the fresh-water mussel, in a dark grey iron- 
stone, and in the black shale, at the depth of 780 
feet from the surface. 

Those dislocations called faults occur in this 
3oal-field to a great extent ; the strata are often 
separated by fissures extending to an immense 
lepth, in a nearly perpendicular direction, attended 
with depressions and elevations of the divided 
)arts, which remove those parts to great distances 
n a vertical or perpendicular direction, sometimes 
amounting to several hundred fathoms. These 
Gssures or rents in the rock are filled up with 
various substances, but generally with sandstone^ 
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and not unfrequently with trap-rock. When 
these faults are considerable they are called dyket^ 
and those of less magnitude slips or troubles. In 
the great main of this formation there is a remark- 
able dyke, called the ninety-fathom dyke, from 
the beds on the northern side being ninety fathoms 
lower than those on the southern side. This 
dyke is nearly vertical ; in some places its width 
is not great, but in Montague Colliery it is twenty- 
two yards wide, and is filled with hard and soft 
sandstone. These faults are a source of great 
trouble and expense to the miner, by lifting the 
strata out of their level, and filling the mines with 
water and fire-damp ; they, however, often prove 
beneficial, by elevating the strata of coal, which 
would be otherwise inaccessible; and when the 
matter with which the crevices are filled is im- 
pervious, they afford facilities for working the 
mines, by keeping back the water, or throwing it 
out in springs. 

Our limits will not allow us to dwell with so 
much particularity on the other coal formations, 
which indeed is the less needful as they all more 
or less resemble each other in their principal 
characteristics. 

The great Goal-field of South Yorkshire^ Netting' 
ham^ and Derbyshire extends from Leeds to Not- 
tingham, in length about sixty miles, with a mean 
breadth of about twelve miles, its greatest breadth 
not exceeding twenty-two. The strata of this 
formation range from north to south, and dip to 
the east under the magnesian limestone, and rising 
to the west and north-west, they are seen to crop 
out upon the millstone grit, which supports the 
northern coal-&e\d&. T^^ cx^^ d^^^odt exhibits 
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Bumerous beds of gritstone, shale, bind, and 
clunch, alternating with many beds of coal, of 
different thickness, the whole reposing upon the 
millstone grit, below which no workable coal is 
found. The beds of shale consist of slaty argil- 
laceous substances, generally of a brown or black 
colour, some of which contain masses of clay- 
ironstone, which in one place is remarkable for 
abundant impressions of mussel-shells, and is 
worked as an ornamental marble. The iron-ore 
is found in beds called binds. Some of the hard 
black binds are used as black chalk. Clunch is 
indurated clay, and yields the infusible kind which 
is adapted for making fire-bricks. In the whole 
of this field there are thirty different beds of coal, 
varying from six inches to eleven feet thick, and 
the total thickness of coal is said to be twenty-six 
yards. Every kind of coal occurs in this field, 
from the hard stone coal to the inflammable cannel 
coal and the peacock coal, and several of the beds 
are of excellent quality for domestic use. The 
field is traversed by an immense fault, which has 
disturbed and dislocated the beds of coal very 
much. To the east, coals underlie the magnesian 
limestone, and are worked through it. 

Of the Coal-fields of North Stafford^ one is at 
Cheadle and the other at Newcastle-under-Line. 
The former, according to Mr. Farey, consists of 
an insulated basin of the lower members of the 
coal measures reposing upon the millstone grit. 

The Coal-field of Newcastle-under-Line occupies 
a triangular space, whose boundary lines extend 
from seven to ten miles. The strata of this for- 
mation have a considerable inclination, dipping 
from opposite sides towards the xientre, with a 
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descent of one foot in four. It has been ascer- 
tained in one locality to have thirty-two beds of 
coal, varying in thickness from three to ten feet 
each. On the north-east and north-west, this 
coal-field is bounded by the millstone grit, which 
crops out from beneath it. 

The Manchester, or South Lancashire Coal-Jleld, 
occupies also a small part of the north of Derby- 
shire, and extends from east to west, in a curved 
line, upwards of fifty miles, with a mean breadth 
of about ten miles, comprising a most important 
tract, as affording Aiel for domestic purposes to 
two of the greatest cities of the empire, Liverpool 
and Manchester, and the means of propelling the 
most accomplished machinery that the inventive 
genius of man has ever devised — perhaps more 
productive of comfort to distant nations than to 
those whose skilful hands conduct its wonderM 
operations. 

The strata of this field have been much dis- 
turbed by faults, having a highly inclined, and in 
one place a vertical position, but are very rich in 
coal, as in one district more than fifty seams occur 
within a few hundred yards of sinking. On the 
east, west, and north, this valuable coal-field 
reposes on the millstone grit, and on the south is 
covered over by the new red sandstone. A small 
isolated coal-field occurs to the north of the great 
field. 

The Whitehaven Goal-Jield extends about forty 
miles in length, with a variable but inconsiderable 
breadth, and reposes upon the mountain limestone 
on the south and east; on the west it occupies 
the sea-shore, and is bounded on the north by the 
magnesian limestone and the new red sandstone 
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the vale of Carlisle. To the north and east of 
latter place, within the depth of 165 fathoms, 
J work seven large beds of coal, which are 
oa four to ten feet thick, with a dip of one 
d in ten. The faults, which run east and 
jt, have shifted the strata 120 feet perpen- 
iilar. To the south-west of Whitehaven, 
enteen beds of coal are cut through, and the 
eenth and seventeenth respectively have a 
skness of five and eight feet; the former is 
larated from the latter by twenty-four beds of 
te ironstone, with one thin bed of coal. 
The Ashby Coal-field is of inconsiderable extent, 
b important for its productiveness. It consists 
two small detached basins. Between the vil- 
;es of Bretby and Swepstone more than twenty 
d-works have been opened ; the deepest of these 
3unk 246 yards, and one of the coal-beds pene- 
ted has the great thickness of seventeen to 
enty-one feet. The following is the section of 
>it in this line belonging to Lord Moira, which 
>f very interesting character. 

Ft. In. 
VarionB strata of bind (indurated clay), 

occasionally containing ironstone . . 53 7 

Coal 3 

Bind, &c 128 

Coal 3 4 

Bind 177 7 

Coal 4 10 

Bind 46 9 

Kennel coal 2 9^ 

Bind, &c 128 

Rider coal 5 5 

Fine clay 3 

Coal 15 

571 3J 

N 



178 GEOLOGY. 

There appears to be no millstone grit under- 
lying this coal-field, as in the more northern fields; 
but mountain limestone appears in detached masses 
on its northern boundary. 

The Warwickshire Coal-field extends from near 
Coventry, in a north-west direction, to Tarn- 
worth, with an average breadth of about three 
miles. All the strata rise to the east-north-east, 
at a great angle to the horizon, exhibiting at the 
out-crop in some places the strata of the coal 
measures, and in others the millstone grit. The 
principal coal-works are at Griff and Bedworth ; 
at the former, four beds of coal are worked, the 
principal one being three yards in thickness, and 
the workings are 117 yards deep. The under- 
lying millstone grit is a compact and flinty sand- 
stone, which in one place rises from beneath the 
coal-field at an angle of 45*. 

Dvdley and South Staffordshire Coal-field extends 
about twenty miles in length, in a south-west and 
north-easterly direction, from Stourbridge to Be- 
verton, with a breadth at Dudley of about four miles. 
Its surface has been accurately ascertained to be 
equal to sixty square miles. The northern por- 
tion affords many coal seams from four to eight 
feet thick. The southern portion, extending to 
Stourbridge, seven or eight miles in length, and 
four in breadth, contains a coal-bed of the extra- 
ordinary thickness of thirty feet, locally called 
the Ten-yard Coal, which far exceeds that of any 
other seam in the British coal-fields. Strictly 
speaking, however, this depth of coal consists of 
several beds, lying one upon another, and some of 
them separated by very thin beds of clay, called 
partings. The beds v^mdi intervene between the 
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several seams of coal consist principally of shales 
or slate clay^ locally called clunch^ and sandstone, 
with a few beds of clay and ironstone. 

Dr. Thompson gives the following section of 
the different beds bored through at Bradley Col- 
liery near Bilston : — 

Yds. Ft. In. 

Soilofthesorfaoe 2 

Red sand 10 

Slate clay 800 

Sandstone 100 

Slate clay 600 

Sandstone 100 

Ditto 2 

Slate clay Old 

Sandstone 010 

Slate clay, with four thin beds of iron- 
stone 400 

Slate clay 300 

Shale 020 

Coal 120 

Shale 110 

Slate clay 120 

Clay ironstone 8 

Shale 026 

Coal 8 18 

Clay 016 

Slate clay 006 

Slate clay 020 

Clay ironstone 100 

Shale 010 

Coal 006 

Shale 020 

Slate clay 310 

56 2 5 



Some years ago Lord Dudley cut an under- 
ground canal to his limestone quarries near Dud- 
ley ; in the course of which undertaking all the 
coal-beds between the limestone and the ten-yard 
coal were cut through. All the coal-pits in the 
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county go as low as the ten-yard coal^ in which 
their great workings always exist ; hence all the 
different beds which constitute the coal formation 
in this place have been cut through, and are well 
known. The following are the beds passed through 
in cutting this canal and a coal work in the parish 
of Rowley, worked by Mr. Keir, commencing with 
the lowest beds : — 

Yds. Ft. In. 

1. Slate clay 80 

2. Limestone 10 

8. Slate clay 76 2 

4. Coal ..... 020 

5. Slate clay . 40 

6. Coal 500 

7. Slate clay 220 

8. Coal 310 

9. Gravel 200 

10. Coal . . 8 

11. Slate clay 900 

12. Ditto 2 

13. Heathing coal 2 

14. Slate clay and ironstone ^ • . . 7 
16. Coal . . 10 1 6 

16. Bituminoua shale 7 

17. Slate clay 2 9 

18. Coal 10 

19. Bituminous shale ...... 200 

20. Slate clay with ironstone .... 029 

21. Sandstone 2 2 10 

22. Slate clay 110 

23. Coal 9 

24. Slate clay 10 

25. Sandstone 110 

26. Sandstone with coal 110 

27 and 28, Sandstone 6 2 

29. Slate clay 420 

30. Sandstone 520 

31. Slate clay and ironstone .... 029 

32. Slate clay 820 

83. Ditto, with ironstone 2 10 

:"4. Coal 013 

5. Slate clay 210 

M. Goal 009 
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Yds. Ft. In. 

37. Slate clay 010 

88. Sandstone 210 

S&. Shale, emitting fire-damp .... 003 

40. Sandstone 020 

41. Ditto 020 

42. Slate clay 4 

43. Ditto 110 

44. Coal 016 

46. Clay 220 

46. Slate clay 400 

47. Ditto, with ironstone 8 2 2 

48; Sandstone 220 

49. Clay with coal 3 

50. Sandstone 010 

51. Slate clay 518 

52 and 53, Ditto 5 8 6 

54. Sandstone 110 

55, 56 and 57, Slate clay 17 1 

58. Clay mixed with coal 10 

59. Slate clay with ironstone .... 223 

60. Sandstone with some coal intermixed 12 

61. Slate clay 120 

62. Clay 010 

63. Slate clay 200 

64. Red clay 126 

65. Surface soil 10 



Total thickness ... 313 1 3 



We have been particular in quoting the details 
of these sections^ as they exlubit tne structure 
of a coal-field of unparalleled mineral riches, for, 
besides a great quantity of ironstone, there are 
eleven beds of coal, whose united thickness is 
twenty-seven yards, or seventy-one feet. The 
interstratifying beds chiefly consist of slate-clay 
in the place of the sandstone of the northern 
coal-fields. 

The quantity of coal raised in this field is 
prodigious ; for, to the immense quantity carried 
away for the manufacturing and domestic ^ur- 
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poses of Birmingham, Wolverhampton, Stour- 
bridge, and other towns, and a large part of the 
midland counties, must be added the enormous 
consumption of the numerous blast-furnaces and 
forges, the blazing fires and thundering sounds 
of which astonish the belated traveller who 
for the first time crosses this district after 
nightfall. 

In some of the coal-pits of this district there 
are vast quantities of small fragments of coal; 
these are left in the mine, as, from the cheapness 
of coal, they are not worth the expense of re- 
moval, and they are said to amount to one-third 
of the total quantity, while, another third being 
left for pillars, immense waste is committed, the 
effect of the abundance of the material. 

On the west of Dudley there is a considerable 
tract where the coal has taken fire from sponta- 
neous ignition many years since, and still continues 
burning. Smoke and steam may in some places be 
seen to rise ; the vegetation of the surface is more 
active, and the water of the ponds becomes warm, 
and, what is very remarkable, the clayey strata 
covering the ignited coal have been converted by 
heat into a species of porcelain jasper, beautiftdly 
striped by uie various degrees of oxidation in- 
duced on the iron it contains; thus affording a 
type, upon a small scale, of those changes pro- 
duced upon rocks in the great operations of 
nature, by which soft shaly strata have been con- 
verted into crystalline rocks, and coarse limestone 
into granular marble. 

Shropshire Coat-Jields, — The plain of Shrews- 
bury, through which the Severn flows from that 
citj, is generally occ\x^\^^ Vyj tha new red sand- 
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stone, with occasional patches of coal formation of 
inconsiderable extent. To the south of the Wrekin 
Hill, a remarkable trap formation which rises 
from this plain, the Severn flows through the im- 
portant coal-field of Coalbrook Dale, which is 
very rich both in coal and iron, and has been 
extensively worked at Madely, Old Park, and 
Ketley, for the supply of the iron-works at the 
latter place and at Coalbrook Dale. This forma- 
tion consists of numerous beds of sandstone, slate- 
clay, and indurated clays, alternating with beds 
of coal and ironstone, with the important addition 
of a band of limestone, which indicates that this 
formation is of fresh-water origin. The whole of 
these beds are said to repose on a limestone for- 
mation, probably the Silurian. At Madely they 
have been sunk through to the depth of upwards 
of 700 feet. The beds of coal are numerous, 
varying from a few inches to five or six feet thick. 
A mineral tar flows from these beds at Coalport, 
on the banks of the Severn. The extensive works 
at Coalbrook Dale had the honour of producing 
the first iron bridge, which was there erected over 
the Severn in the year 1777, since which time 
another iron bridge has been thrown across the 
same stream at Bildwas Abbey, about a mile 
above the former. Both of these bridges span 
the Severn with one arch. 

There are other coal formations to the south, 
in the same county, of which we shall only notice 
those of the Clee Hills. These aflFord ironstone, 
as well as coal, and that peculiar kind of the latter 
called cannel coal, which is frequently wrought 
into ornaments of various kinds. The most im- 
portant of the beds of coal is covered by basalt. 
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which forms two irregular ledges above it. Coal 
is also worked at Billingsby^ to the west of these 
hills, which gave rise, about fifty years ago, to an 
abortive attempt to establish iron- works there; 
and a stinking coal is obtained near the banks of 
the Severn in the neighbourhood. 

The Goal-fields of South Gloucester and Somerset 
are remarkable for the disturbance the strata have 
undergone, and the thinness of those which overlie 
and rest unconformably upon them. At Paulton, 
a village near Bath, a shaft has been sunk through 
the inferior oolite, the lias, the new red sandstone, 
and magnesian limestone, into the coal measures. 
The latter contain numerous thin beds of coal, 
scarcely any of them above a yard thick. This 
coal is of the caking, or bituminous kind, and 
leaves when burnt a great quantity of a reddish 
ash. The lower beds are separated by shales, and 
are divided from the upper by the pennant-grit 
rock, which, owing to its extreme hardness, is 
exceedingly expensive to penetrate. The frac- 
tures in the coal-beds of this field often exhibit 
beautifully-white crystal veins of carbonate of 
lime intersecting and ramifying through the black 
mass. 

The great South Wales Coal-field extends from 
Pontypool on the east, to the Bay of Caermarthen 
on the west, a distance of between fifty and sixty 
miles, with a medial breadth of about twenty miles 
north and south, having the Bristol Channel for 
its southern boundary. This great formation of 
coal appears to be situated in a basin of moun- 
tain limestone, which crops out from beneath its 
northern border, and extends from sea to sea on 
the east and west. It contains numerous beds of 
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coal^ varying in thickness from six inches to nine 
feet. Twenty-three of these beds have an aggre- 
gate thickness of ninety-five feet, and it is esti- 
mated that a square mile will produce 64,0005000 
tons of coal. Now, if we consider that there are 
only 100 square miles capable of such production, 
it would appear to be almost inexhaustible. Near 
Caermarthen Bay, however, the coal-beds are 
much shallower. The coal on the north side has 
the property of caking, and is well adapted for 
domestic purposes ; while the strata to the west- 
ward afford anthracite or culm, which is largely 
used in the manufacture of iron and for burning 
lime. In the lower part of this coal-field the 
coal-beds are interstratified with shaly beds ; but 
those of the upper consist of very hard grit-stone, 
called pennant by the Somerset miners. These 
beds are often laminated, and divided into thin 
plates, so as to be used for tiling and flagstones. 
This formation appears to be equally rich m clay- 
ironstone as in coal, of which, in one part, it con- 
tains sixteen beds ; these principally occur in the 
lower series of strata, as at Merthyr Tydvil ; and 
some of the most valuable extend below the coal. 
The deep valleys which traverse this coal-field 
from north to south, afford the miner a facility of 
obtaining the coal and iron-ore at little compa- 
rative expense, by means of levels and tram-roads, 
owing principally to which, manufactured iron is 
produced at a less cost than in any of the English 
iron and coal districts. This field is traversed by 
dykes and faults, chiefly in a north and south 
direction, which have broken and shifted the 
strata from 50 to 100 fathoms up or down. An 
enormous fault, many fathoms thick, has effected 
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a rise in the strata of 240 feet. On the soutli 
side of this basin the inclination of the strata is 
sometimes 45% and on the western termination, 
at Bride's Bay^ the utmost distortion prevails^ so 
that the beds are rendered vertical and twisted in 
every direction. The collective strata are of great 
thickness, as a little to the west of Neath the 
lowest strata of coal are 700 fathoms lower than 
the out-crop of the upper beds upon the hills, 
which affords a striking instance of the extent of 
these deposits, and the change in level which they 
have undergone. 

Though what is called the carboniferous system 
is more extensively developed in Ireland than in 
either England or Scotland, yet the actual coal 
measiu*es are of limited extent. Two of these are 
in the north, namely, in Connaught and Ulster, 
which produce bituminous coal, and that of Con- 
naught is said to be remarkably well adapted to 
the production of iron and the uses of the foundry ; 
as the grey pig-iron produced at the Arigna 
iron-works is said to be the best in the empire. 
The Ulster coal-works are but of little import- 
ance: the district commences at Dungannon, in 
the county of Tyrone, and extends in a northerly 
direction to Coal Island, and to the neighbour- 
hood of Cook's Town. Mr. Weaver gives the 
following description of the collieries of Bally 
Castle, in the county of Antrim : — " These col- 
lieries have been wrought for a number of years. 
The coal is of a slaty nature, and greatly resem- 
bles both the coal and the accompanying rocks 
which occur in Ayrshire, and probably belongs to 
the same formation." 

A very extraordinary discovery was made at 
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these collieries about the year 1770, which is thus 
described by the Rev. Dr. Hamilton, in his Letters 
on the North Coast of the County of Antrim : — 
** The miners, in pushing forward an adit or 
level towards the bed of the coal at an imexplored 
part of the Bally Castle Cliffs, unexpectedly dis- 
covered a passage cut through the rocks; this 
passage was very narrow, owing to incrustations 
formed on its sides. On being sufficiently widened, 
some workmen went through it In minutely ex- 
amining this subterranean wonder, it was found 
to be a complete gallery, which had been driven 
forward many hundred yards into the bed of coal ; 
it branched out into tnirty-six chambers, where 
coal miners had carried forward their works. 
These chambers were dressed quite square, and 
in a workmanlike manner; pillars were left at 
proper intervals to support the roof; and, in short, 
it was found to be an extensive mine, wrought by 
a set of people at least as expert as those of the 
present generation. Some remains of the tools, 
and even of the baskets used in the works, were 
discovered, but in such a decayed state, that, on 
being touched, they fell in pieces. Some of the 
tools appear to have been of wood, thinly shod 
with iron. The great antiquity of the work is 
evident, from the fact that there does not exist 
the most remote tradition of it in the country, 
but is more strongly demonstrable from the sides 
and pillars being covered with sparry incrustations, 
which the present workmen do not observe to be 
deposited in any definite portion of time." 

The coal formation of Leinster is situated in 
Kilkenny, Queen's County, and county of Carlow, 
and extends to the county of Tipperary. The 
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district is divided into three parts, separated from 
each other by mountain or carboniferous lime- 
stone^ which also passes under the whole district 
The Munster coal-measures occupy a consideraibte 
portion of Limerick and Kerry> md a large part 
of the county of Cork. Coal and culm are raised 
near Kanturk in the county of Cork^ which have 
been highly beneficial to the agricultural and 
commercial interests of that part of the island. In 
the Munster district, at an angle of forty-^five 
degrees, in the Dromagh Colliery four beds have 
been wrought; the first of these, which is the 

Erincipal bed, is stone-coal three feet thick. Hiese 
eds are known by the names, coal bed, rod eo<dy 
bulk bed, and bath bed. The coal bed conskts of 
three feet solid coal, and is not sulphureous ; the 
rock bed is nearly of the same thickness, and is 
very sulphureous ; the other beds are of the culm 
species, but of peculiar strength, each barrel of 
culm sufficing to bum nine or ten barrels of lime^ 
The workings are not deep, not exceeding eighty 
yards, and are much incommoded by water. 

Coal measures occur in many parts of the Con- 
tinent, and we may particularize those of France, 
Belgium, Spain, and Bussia, which resemble in 
general character those of England. The coal- 
field at St. Etienne, between the Loire and the 
Khone, is remarkable for its fossil trunks of trees, 
which are exhibited by an open working, as standing 
almost erect, and having the appearance of a petri- 
fied forest, as the beds are nearly horizontal. 
Many small basins of coal measures occur in the 
south of Prance. The coal measures of Belgium 
have undei^one the greatest disturbance ana de- 
pression. Baron ILvxtDJE^W^., m his admirable 
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work, " The Cosmos," speaking of the changes of 
level which the strata have undergone, quotes the 
following observations from Von iDecken: "The 
depth of the coal basin of Liege at Mount St. 
Gilles, which I have ascertained to be 3,890 feet 
below the surface, extends 3,464 feet below the 
level of the sea, for the absolute height of Mount 
St. Gilles certainly does not much exceed 400 feet. 
The coal basin is fuU^ 1,865 feet deeper. But all 
these depths are trifling when compared with 
those which are presented by the coal strata of 
Saar £ivier (Saarbruchen). I have found, after 
repeated examinations, that the lowest coal stra- 
tum which is known in the neighbourhood of 
Duttmeller, near Bettingen, must descend to 
depths of 20,682 and 22,015 feet below the level 
of the sea." 

In Spain, coal occurs in Catalonia, Aragon, 
and Kew Castile. In the north of Kussia coal is 
found on the banks of the Volga, where the beds 
or strata which contain it have a depth of 8,000 
feet, but the number of workable seams is not 
more than eight, which afford coal of very good 
quality. In me south, good bituminous coal and 
sdso anthracite are obtained. The northern beds 
are nearly horizontal, while those of the south 
have been much disturbed by faults. In North 
America a large portion of the valley of the 
Mississippi is occupied by strata of the carboni- 
ferous series, said to extend about 900 miles from 
north to south, in which coal occurs in many 
places ; and in all probability when that country 
has been thoroughly explored for its mineral 
wealth, immense deposits will be found. On the 
eastern side of the Alleganny range, in the north of 
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Pennsylvaniaj the coal measures consist of some 
hundred feet of sandstone and shale^ and contiun 
fourteen or fifteen beds of coal or anthracite, 
which have a total thickness of seventy or eighty 
feet. One of these beds is said to be about thirty 
feet thick^ including some interstratified shale^ 
but eighteen feet only of it are worked. 

In Nova Scotia a remarkable development of 
coal strata occurs. These are composed of sand- 
stone and shales alternating with seams of coal^ 
iron-stone, and clay. These beds range for two 
miles along the coast, and contain numerous 
trunks of trees, which pass through difierent 
strata of shale and sandstone, but more of coal, 
and are abruptly broken off at various heights; 
they occur at different levels, and are always 
perpendicular to the strata in which they are 
found. There are about nineteen seams of coal, 
none of which exceed about eight feet in thick- 
ness. These strata exhibit the most astonishing 
phenomena of coal formations presented to our 
sight without labour, which perhaps anywhere 
exist. 

Coal has been found in many parts of the East, 
and has been recently discovered in the island of 
Borneo, in the Indian Archipelago. The soils 
of the coal measures mostly consist of dark-co- 
loured clays, and are generally unfavourable to 
agriculture in their unimproved state, from the 
too great retentiveness and prevalence of surface 
water. Draining and liming, with other resources 
of skilful cultivation, are therefore requisite to 
render them remunerative. When the outcrop of 
successive strata of shale and sandstone occurs, 
which is not unfrequenl \iv \Jttft c«al measures, the 
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elements of a good soil are present, and each may 
be improved by a mixture with the other. In 
their natural state, the soils of coal-fields generally 
present the two extremes of tenacious clay and 
porous sand, both of which demand alike en- 
lightened skill and industry on the part of the 
husbandman. The colour of these soils is the 
most favourable feature they possess. 

Water is generally to oe found in the coal 
measures at no great depth, owing to the frequent 
alternations of shales and sand rocks ; and this 
condition of the strata, and the faults which so 
frequently occur, serve to collect the water and to 
throw it out in springs. It faults cause perplexity 
and trouble to the miner, they frequently make 
him compensation by enabling him to conquer 
a still more formidable enemy, water; as the 
spaces or crevices of the faults are mostly filled 
up with clay, which confines the lateral movement 
of the water, and thus enables the miner to drain 
limited portions of the coal-field with greater 
facility. Salt springs sometimes occur on the 
coal measures, as at Ashby-de-la-Zouch ; and in 
Gloucestershire, chalybeate and sulphureous 
waters are common; and a thermal chalybeate 
spring rises about six miles from Cardiff, in the 
bed of a river. 
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MILLSTONE GRIT. 

This formation, which may be considered as the 
middle member of the carboniferous series, extends 
from Ashbourne in Derbyshire to the mouth of 
the Coquet in Northumberland, forming a high 
central range of hills called the Pennine chain, 
and in conjunction with the carboniferous lime- 
stone, the next rock beneath, occupying a large 
space in the counties of Derby, York, West- 
moreland, Durham, and Northumberland, and 
underlying all the great northern coal measures. 
It also underlies and surrounds the coal measures 
of the north and south of Ireland, and a large 
portion of the south-west on either side the estuary 
of the Shannon, in the counties of Clare, Limerick, 
Kerry, and Cork. 

Though the preyailing and distinguishing cha- 



THE MILLSTONE GRIT. 193 

racter of this formation is that of a coarse-grained 
gritty sandstone, much resembling the sandstones 
of the coal measures, it contains numerous beds 
both of shale and limestone, and in some places of 
coal ; so that it partakes in a great measure of the 
character of the formations above and below it. 
In the north of England, indeed, the lines of dis- 
tinction between this and the mountain limestone 
become much confused, and are lost in each other. 
As Professor Sedgwick has described this formation 
in his usual discriminating and masterly manner, 
we cannot do better, for the information of the 
reader, than by adopting his own words : — " On 
the reappearance of the carboniferous limestone 
at the case of the Yorkshire chain, we still find 
the same general analogies of structure: enonnous 
masses of limestone form the lowest part, and the 
rich coal-fields the highest part of the whole series; 
and we also find the millstone grit occupying the 
intermediate position. The millstone grit, how- 
ever, becomes a very complex deposit, with several 
subordinate beds of coal, and is separated from 
the great inferior calcareous group (known in the 
north of England by the name of the scar lime- 
stone), not merely by the great shale and shale 
limestones, but by a still more complex deposit, 
in some places not less than 1,000 feet thick, in 
which four groups of limestone strata, extraordi- 
nary for their perfect continuity and unvarying 
thickness, alternate with great masses of sandstone 
and shale containing innumerable impressions of 
coal plants, and three or four thin seams of 
good coal extensively worked for domestic use. 
In the range of the carboniferous chain, from 
Stanmoor through the ridge of the Cross Fell to 
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the confines of Northumberland, we have a repe- 
tition of the same phenomena. On its eastern 
fiank, and superior to all its component groups, is 
the rich coal-field of Durham. Under the coal- 
field, and in a regular descending order, the mill- 
stone grit, the alternation of limestone and coal 
measures, nearly identical with those of the 
Yorkshire chain, and at the base of all is the 
scar limestone. The latter, however, begins to be 
subdivided by thick masses of sandstone and car- 
bonaceous shale, of which we had hardly a trace 
in Yorkshire, and gradually passes into a complex 
deposit not distinguishable from the most superior 
division of the series. Along with this gradual 
change is a greater development of the inferior 
coal beds alternating with the limestone, some of 
which, on the north-eastern skirts of Cumberland, 
are three or four feet in thickness, and are now 
worked for domestic use, with all the accompani- 
ments of railroads and steam-engines. The 
alternating beds of sandstone and shale expand 
more and more as we advance towards the north, 
at the expense of all the calcareous groups, which 
gradually thin off and cease to produce any im- 
press on the features of the country. And thus 
it is that the lowest portion of the carboniferous 
system, from Bewcastle Forest along the skirts 
of the Cheviot Hills to the valley of the Tweed, 
has hardly a single feature in common with the 
inferior part of the Yorkshire chain, but on the 
contrary, has all the most ordinary internal cha- 
racter of a coal formation. Corresponding to this 
change is also a gradual thickening of carbona- 
ceous matter in some of the lower groups. Many 
coal works have been o^^wed u^on this line, and 
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near the right bank of the Tweed (almost on 
a parallel with the great scar limestone) is a coal- 
field with five or six good seams, some of which 
are worked, not merely for the use of the neigh- 
bouring districts, but also for the supply of the 
capital. It appears, therefore, difficult, and 
almost impossible to preserve the millstone grit 
as a separate formation, as its assigned place be- 
tween the coal measures and the carboniferous 
limestone, is in so many cases occupied by one 
or both of the latter." 

The shales of this series contain masses of clay 
ironstone, similar to those in the coal measures, 
which sometimes have the character of septaria 
or cement stones. Lead veins occur in Derby- 
shire and Northumberland, but are said to be 
thin. The copper mine of Ecton, in Stafford- 
shire, is situated in the limestone of these shales. 
Iron pyrites is also abundant, and naphtha and 
asphaltum occur in the shales of Derbyshire, 
the result of the decomposition of coal by the 
action of heat. The organic remains of this for- 
mation appear to be similar to those found in the 
coal measures, and consist of vegetable impres- 
sions, and bivalve shells of marine origin. 

The soils of the millstone grit are generally 
very poor, and are characterised by elevated and 
heathy moors and peaty swamps ; but where shales 
and limestone occur, the soil is improved. 

CARBONIFEROUS OR MOUNTAIN LIMESTONE. 

This rock is extensively developed in England ; 
it forms the larger portion of the Mendip range in 
Somersetshire, surrounds and supports the great 
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coal deposit of South Wales and the lesser one 
of the Forest of Dean, underlies the coal measures 
of North Wales, and occupies a large portion of 
the counties of Derby, Lancaster, York, Wes^ 
moreland, Cumberland, and Northumberland, and 
pushing its extreme point north at Berwick, 
generally underlying, and more or less inter- 
stratifying with the millstone grit and coal mea- 
sures. It is the prevailing rock in Ireland, occupying 
the central, and by far the larger portion of that 
island, and extending east and west from shore to 
shore, and with partial interruptions, from Galway 
Bay on the north-west to Bantry Bay and Cape 
Clear at its southern extremity ; in short, forming 
the greater part of the surface of all the counties, 
with the exception of Derry, Antrim, and Wick- 
low, sweeping round various mountain chains, 
and filling up every interval and hollow between 
them, " It supports," says Mr. Weaver, " the 
coal measures, properly so called, and thus the 
analogy between the carboniferous series of central 
and southern England, and that of the correspond- 
ing portion of Ireland, is complete; the arenaceous 
and conglomerate deposits of the old red sandstone 
in the latter country being surmounted by a sheet 
of limestone varying in thickness, sometimes 
attaining a depth of 700 to 800 feet, but generally 
averaging from 200 to 300, and being in its turn 
partly covered by coal measures." The prevailing 
colour of this rock is grey, sometimes whitish grey 
inclining to yellow, and at others inclined to blue 
and varying to a rich reddish brown. Some spe- 
cimens, as those of Kilkenny and Derbyshire, are 
of a beautiful jet black. It is imperfectly crys- 
tallinef and being ofteii loaded with organic 
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remains, and capable of receiving a good polish, 
affords those beautiful shelly marbles so much 
used for chimney-pieces, and would be pre- 
ferred to foreign marble for such purposes if they 
were not so abundant and comparatively cheap. 
The best specimens are so pure as to contain 96 
per cent, of carbonate of lime ; but by admixture 
of other matter, vary to magnesian, argillaceous, 
ferruginous, bituminous, and fetid limestone. It 
often appears in beds of great thickness without 
much visible stratification, but generally with 
a decidedly stratified character, the divisions 
being marked by thin seams of clay, and some- 
times by veins and nodules of chert (flint), and 
occasionally, as in Derbyshire, by tabular masses 
and veins of toadstone (a trap-rock), and by beds 
of shale and sandstone. This rock is very re- 
markable for the numerous deep fissures, mural 
predpices, and extensive caverns, which it so 
frequently presents, which, blending with steep 
and lofty woods, produce, by this combination 
of the sublime and beautiful, the most romantio 
and interesting scenery, which often delights the 
eye and arrests the foot of the traveller. In many 
instances the rock appears as if forced asunder by 
some convulsive action of nature, as at Clifton, 
near Bristol, where the river Avon flows through 
a deep defile of lofty precipices on one side, and 
steep woods and projecting rocks on the other; 
and the chasm formed in the Mendip hills at 
Cheddar, where the rocks tower, in naked and 
awful grandeur, about 800 feet above the road 
leading to the village. As the caves in this rock 
generally occur in places which exhibit all the 
most enchanting features of British, acenar^^ ^^ 
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cannot resist the inclination to give the reader 
Mr. Grenough's account of the situation of some 
of the most remarkable of them ; for the mind 
which is led by a rational curiosity to inquire into 
the origin and nature of rocks, cannot be insen- 
sible to the grandeur of their forms, or the sur- 
passing beauty and loveliness with which their 
otherwise rugged features are often invested. 
What geologist would not forget awhile his par- 
ticular pursuit, when, from some lofty eminence, 
as the Wynd Cliff on the Wye, he gazes upon an 
unexpected scene, such as Milton describes in 
Paradise, presenting a various 



(( 



interchange 



Of hiU and vaUey, riyers, woods, and plains; 

Now land, now sea, and shores with forest crown'd ; 

Kocks, dens, and caves ] " 

In Westmoreland there is a great cavern in the 
main limestone, at Danel, five miles from Dufton. 
In Durham, Hutherbome Cave, near Stanhope, in 
the 70-fathom limestone, runs above a mile under 
ground. In Yorkshire, Gigglewerk Scar, King- 
dale ; Wethercat Cave, near Ingleton ; Tiernham's 
Mine, and Old Cave Rock, Coniston Moor; 
Barefoot Wives' Hole, Hardrawkin. In West's 
Guide to the Lakes, caverns are mentioned by the 
names of Hartlepot ; Sandpot, Donk Cave, on the 
base of Ingleborough ; Gale Kirke Cave on the 
south-east of Whernside, Greenside Cave, Chat- 
net Hole, Hardean Scar, near Hawes, in Wensley 
Dale ; Alan, or Alum Pot, near the village of Sib- 
side, Longchurn, Dicher Pot, Halpot Hole, Hunt- 
pot Hole, Blackside Cave, Sir William's Cave, 
Atkinson^a Chamber, JoVm.^Qx^^ ^^d&&\» Hole^ and 



CARBONIFEROUS OR MOUNTAIN LIMESTONE. 199 

Gaspar Gill. In Lancashire, Dunald Mill Hole, 
near Killet, eight miles from Lancaster, near the 
road to Kirby Lonsdale; Yardhouse Cave and 
Gingling Cave, in Kingsdale, and smaller caverns 
in Yeadale. In Derbyshire, Bagshaw's Cavern, 
south-west of Bradwell; Banford Hole, near 
Eyham ; Binding Hole, near Wirksworth : 
Cnarles Wark Cavern, near Eyham ; Chelmorton 
Cavern, Creslow Mine Cavern, Cumberland or 
Kutland Cavern, near Matlock ; Devil's Hall, or 
Foreside Mine, Castleton; Dove-hole Cavern, 
Dovedale ; Drake Mine Cavern, Elden Hole, 
Golconda, near Hopton; Post's Hole, Bunton; 
Knowles Mine Cavern, Peak's Hole, Castleton ; 
Merlin's Cave, Orchard Mine Cavern, Reynard's 
Hall Cave, in Dovedale. 

In Staffordshire, Thors House, or Thvrsis Cave, 
in Wootton Dale. Ribden and Ruder Caves, near 
Calder, here receive the waters of the Manifold, &c. 
Ladchurch, between Swithen Ley and Warnford, 
is 208 yards long and 40 or 50 deep. Hobchurch 
Cave, near Wilton Mill, with many others. 

In Somersetshire, Lochstone Cavern and Ban- 
well Cave, 12 miles north-west of Wookey. 
There are also caverns in Charterhouse liberty, 
Mendip, and Green Ore Farm, 4 miles from 
Wookey, and a cave called the Lamb Cavern, near 
East Harptre. An extensive cavern has recently 
been discovered at Cheddar. 

Subterranean rivers are frequent all over the 
limestone districts. Such are the Manifold, which 
passes beneath the limestone hills about 3 miles 
eouth-west of Ecton Mine, in Staffordshire, and 
after traversing a cavern about 3 miles through 
the base of the limestone hills 4 miles in length 
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reappears near Ham. The Hamps River also 
breaKs out near the same place. The Ribble and 
the Greta are also underground rivers. Such, 
also, are Horton Bech and Bransil Bech, at the 
foot of Penegent, in Yorkshire. The stream 
which forms the cataract in Speedwell Mine, near 
Castleton, is according to the inhabitants proved 
to be the same as that which traverses the Peak 
Cavern at that place. 

The streams forming these subterranean rivers^ 
are absorbed by funnel-shaped hollows on the sur- 
face of the limestone, called provincially, swallows 
and swallet-holes. 

The mountain limestone is sometimes called a 
metalliferous limestone, from the abundance of its 
metals, and affords the principal supplies of lead, 
the mines of which are situated in Northumber- 
land, Durham, Cumberland, Yorkshire, Derby- 
shire, and North Wales. The lead in these mines 
is a sulphuret of that metal, commonly called 
galena. This rock also affords carbonate and 
phosphate of lead, antimoniated lead ore, sulphuret 
and carbonate of copper, sulphuret, carbonate, and 
oxide of zinc, iron pyrites, haematitic iron ore, and 
also oxide of iron, carbonate and sulphate of 
barytes, calcareous spar, fluor spar, (Derbyshire 
spar,) quartz crystals, (Bristol and Derbyshire 
diamonds,) with many other mineral substances. 
According to a report of Mr. John Taylor, the 
British lead mines produce annually 31,000 tons, 
of which, 20,000 tons is afforded by the mountain 
limestone of Durham, Cumberland, Northumber- 
land, Yorkshire, and Derbyshire ; about 10,000 
in Wales and Scotland, only partially by that 
rocky and an incons\deT^\Ae ^Qttvow by the older 
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rocks of Cornwall and Devon. The ores from the 
latter counties are, however, rich in silver, and 
those of Beeralston on the Tamar are said to have 
afforded as much as 80 to 100 ounces per ton, and 
those from a mine near St. Michael's 30 to 40 
ounces per ton. 

The organic remains of the mountain limestone 
are very numerous, and are very distinct from 
those contained in the less perfect limestones, the 
lias and oolites above the coal measures, exhibiting 
a great change in the inhabitants of the sea in 
which it was deposited, and consist of a variety of 
univalve and bivalve shells, the vertebrae of fish, 
sharks' teeth, and fish palates, a peculiar crustaceous 
fish, called trilobites, with a great abundance of 
the zoophytic fossils, called coralites and encri- 
nites, the latter of which are sometimes so nume- 
rous as to form a considerable part of the rock ; 
these fossil remains are, however, very unequally 
distributed, in some parts of the rock prevailing 
very much and in others nearly absent. 

The mountain limestone, as its name implies, 
often presents bold ridges which rise upwards of 
1,000 feet above the level of the sea,, with a thick- 
ness which sometimes exceeds 900 feet, and is 
often highly inclined. Numerous faults occur 
from the invasion of trap rocks, which are particu- 
larly remarkable in Derbyshire, where the latter 
are of the kind called toadstone, or amygdaloid. 
The more elevated portions of this rock afiord but 
a thin soil, which is often encumbered with 
detached masses, and uninclosed ; in lower 
situations, however, it affords sweet and even 
good pasture both for sheep and cattle, and useful 
soils for convertible husbandry, while its defiles 
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and steep acclivities are generally clothed with 
rich woods often producing fine timber trees. 

Springs seldom occur on the summits and sides 
of this formation, but the numerous fissures and 
caverns of the rock often collect the waters and 
produce subterranean streams and very copious 
springs at the base of hills. St. Winifred's spring 
at Holywell, in Flintshire, is a remarkable in- 
stance of this, which throws up 84 hogsheads per 
minute, which in little more than a mile turns 
eleven mills, of which three are abreast of each 
other. In the same neighbourhood are two other 
copious springs issuing from the same rock, one 
called St. Ormond's and the other St. Mary's 
Spring. At the bottom of the rugged defile of 
Cheddar, another of these abundant springs occurs 
close to the village, the water of which supplies 
several mills within a short space. The hot- 
springs of Buxton, Matlock, and Clifton rise 
through this rock. Though the water which 
flows from this rock has the appearance of the 
greatest purity, it contains a large quantity of cal- 
careous matter in solution, which forms the stalag- 
mites and stalactites which cover the floors and 
sides, and are suspended from the roofs of its 
numerous caverns. The manufacturers of edge- 
tools prefer this water for grinding them, from its 
being less liable to rust them than any other ; and 
the celebrated manufactory of scythes, at Mells, in 
Somerset, is supplied by this water, to which they 
are supposed to owe in part their excellent temper. 

THE OLD RED SANDSTONE OR DEVONIAN SYSTEM. 

The Old Red Sandstone is the next formation in 
the descending ordet \iexv^"a.\!£v \3ci^ ^^tboniferous or 
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mountain limestone just described ; it is extensively 
developed in the West of England, in the counties of 
Hereford, Worcester, Shropshire, Brecon, and Pem- 
broke, in South Wales, and appears in Somerset, 
Westmoreland, and Cumberland; it also occupies 
a considerable portion of Scotland, in detached 
spaces, from the Orkneys and the Pentland Frith 
to Northumberland, and continuously from Stone- 
haven on the north-east coast, to the Clyde 
in the south-west, besides some parts of the 
extreme north-west on the coast line of Sutherland. 
In Ireland, the old red sandstone occurs in the 
counties of Fermanagh and Monagan in the north, 
in Mayo in the west, in several detached portions 
in the midland counties, and the larger part of 
Waterford, Cork, and Kerry, in the south and 
south-west, extending continuously from Water- 
ford east on the harbour, to Dingle and Bantry 
Bay in the extreme west. In England and Wales 
this formation admits of division into three prin- 
cipal strata ; namely, the old red conglomerate, the 
cornstone and marl, and lastly, the tilestone, which 
is the lowest. The uppermost of these strata con- 
sists of conglomerates of pebbles of older rocks, 
but more frequently of hard and fine-ground sand- 
stone, with thin layers of marl ; this stone in Here- 
fordshire forms an excellent building-stone, and in 
some places is quarried for tiles. The conglome- 
rate beds are well exhibited on the banks of the 
Wye, between Ross and Monmouth, and near 
Tintern Abbey. The cornstone and marl stratum 
consists of clayey and marly beds interstratified 
with sandstone and imperfect limestone; the blended 
ingredients of these beds afford, by their decom- 
position, the rich arable soils and fine pasture and 
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orchard lands^ of Hereford and the adjoining coun- 
ties: the comstone, which is of very irregular 
occurrence, appearing at intervals^ sometimes as a 
coarse^ imperfect limestone, and at others, of fine 
grain and more crystalline character, and affording 
flag-stones. In some parts, as in Caermarthen- 
shire, the limestones are more developed and 
thicker, and abound in impressions of fish, the 
peculiar forms and brilliant lustre of which afford 
a striking characteristic of this formation. The 
tilestone, the lowest of these strata, is the least 
considerable, and is characterised both by its 
mechanical structure and its fossil remains. It 
forms a lofty range of fifteen or sixteen hundred 
feet in Caermarthenshire and Brecknockshire, in 
which tilestones are extensively quarried. These 
tilestones consist of finely laminated micaceous 
sand of a greenish colour, and are blended with 
red shales producing by their decomposition a red 
soil. Organic remains are abundant in particular 
localities. 

In Caermarthen and Brecon this formation 
attains an elevation of more than 2,500 feet above 
the level of the sea. The uppermost part consists 
of a conglomerate of white pebbles imbedded in 
a red matrix. It appears also as a conglomerate 
in Westmoreland and Cumberland, where it forms 
lofty hills and is of great thickness. 

In Scotland this formation extends in a continu- 
ous line of 120 miles, from Stonehaven to Dum- 
barton, and is many thousand feet thick, and 
occupies the larger part of Caithness ; farther south 
it occupies a large tract of country on either side 
the Murray Frith, and on the north-west most of 
the coast from Cap^^x^\\i\»t\5Alale of Skye, 
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while smaller deposits of it occur in several of the 
islands farther south. 

In the northern part of Scotland the old red 
sandstone appears to rest upon the oldest sedi- 
mentary rocks and granite, and the several mem- 
bers of which it is composed may be represented 
by the following section. 




Upper. 

Middle. 
Lower. 



1 Quartzose yellow sandstone. 

2 Impure limestone. 

8 Gritty red sandstone. 

4 Grey fissile sandstone. 

5 Bed and variegated sandstone. 

6 Bituminous schists. 

7 Coarse gritty sandstone. - 

8 Great conglomerate. 



The stratum No. 8 of the above section con- 
sists of a deep conglomerate, which forms a lofty 
mountain chain, in Caithness, the highest part of 
which is the Morriston Hill, which has an elevation 
of 3,500 feet above the level of the sea, and which 
is entirely composed of the lower beds of this for- 
mation. On this conglomerate rests a coarse sand- 
stone, occasionally containing pebbles of a red or 
yellow colour, alternately with green and red marls. 
The difference between this and the underlying 
rock appears to consist chiefly in the state of me- 
chanical division of their materials. Upon these 
sand rocks rest a great thickness of strata, com- 
posed of calcareous and bituminous schists contain- 
ing mica, which afford valuable paving-stones, and 
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are extensively employed for that purpose. These 
beds of schist abound in the organic remains of fish, 
with some traces of vegetable impressions. The 
same rock occurs in the Orkney Islands, and cor- 
responds with that extending from Cromarty to 
Bamflfshire. The upper strata consists of soft red 
sandstones and marls, which appear on the prer 
cipice of Dunnet Head, on the north, and corre- 
spond with those on the south of the Grampian 
Hills. The middle group is developed in Forfar- 
shire and Moray, and consist chiefly of rocks of a 
bluish grey colour, and sometimes forming hard 
flag-stones used for paving. The beds of the 
upper part of this formation are composed of red 
conglomerate and variegated sandstone, alter- 
nating with limestone, and occasionally covered 
with thick beds of yellow sandstone. This upper 
portion occupies extensive areas and is rich in 
fossil remains. 

Until within the last few years, the stratified 
rocks which compose the greater part of Devon and 
Cornwall, and the western extent of Somerset, 
from their mechanical structure and slaty charac- 
ter, were classed under the general term of grey- 
wacke or slate rocks, and the limestones which 
appear both on the north and south were called 
transition limestones, and were considered to be of 
much greater antiquity than the old red sandstone 
above described ; but recent investigations by 
Professor Sedgwick, Sir R. Murchison, and Sir H. 
T. De la Beche, have shown that besides a mass 
of granite, the central part of Devon is occupied 
by sands and shales containing culm, correspond- 
ing with the coal measures, and that the slaty and 
ii'mestone rocks oi ilnA vsst!^ ^dxA ^outh of Devon, 
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and the slates of the north and south of Cornwall, 
though differing widely in their mechanical struc- 
ture from the old red sandstone, contain the same 
organic remains, and are therefore now considered 
to be of contemporaneous origin. This discovery has 
led to the general adoption by Geologists, of a new 
classification of these rocks under the general 
term of the Devonian System, though for conve- 
nience and from the difference of structure they 
are still spoken of separately. 

The propriety of the adoption of this new term 
must be evident, because, though the Devonian 
rocks exhibit the same fossils as the old red sand- 
stone, it would be an abuse of terms to call them 
by that name, but both might conveniently, or 
with less impropriety at least, be arranged under 
the general term Devonian. There was also a 
necessity for this new arrangement in order to 
preserve the true order of the stratified rocks in 
point of age, and to prevent the so-called grey- 
wacke rocks and slates of Somerset, Cornw^l, and 
Devon from being confused with older rocks — 
those of Wales, for instance — to which that term is 
yet generally applied. The following is a section 
across Devonshire, which will afford some idea of 
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Devonian Rocks. Granite. Culm Beds. Devonian Rocks. 

the relative position of the culm beds, slate and 
limestone, the rocks called Devonian, and the cen- 
tral mass of granite upon which they repose and 
which appears to have upheaved them. 
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Here the culm beds are seen to repose upon the 
Devonian rocks on one side, and the central mass 
of granite on the other, and may be considered 
to represent the carboniferous system in this 
part of the island. Beneath this, and on either 
side of the granite, appear the Devonian rocks, 
consisting of an extensive series of greywacke 
slate interstratified with limestone containmg fos- 
sil remains. The junction and alternation of the 
limestone with the slate are well exhibited in the 
face of rock at the Laira Bridge, near Plymouth, 
where the junction of the great mass of limestone 
of Plymouth Sound, of which the breakwater waa 
formed, unites with the more prevailing rock of 
slate in that part of Devonshire. Here the frag- 
ments detached from the rock often exhibit 
slate on one face and limestone on the other. A 
portion of this rock is black traversed with beau- 
tiful white veins, and, being capable of receiving a 
high polish, is worked for ornamental purposes as 
a secondary marble. The slate rocks of this 
neighbourhood and on the banks of the Tamar, 
above Plymouth, are of a blue colour, and afford 
good roofing slate, and thick slabs which are used 
for the construction of water-cisterns, paving and 
tomb stones, and other purposes. The quarries of 
Delabole, in the north of Cornwall, also afford 
slates of excellent quality. Both in the south of 
Devon and Cornwall the colour of this so-called 
greywacke slate is deep red, and easily separating 
in thick layers, affords a convenient and durable 
stone for building purposes. 

The slate in the north and west of Cornwall, 
called killas by the miners, is much paler; and when 
separated, the lamina ket^ for the most part have a 
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shining surface. In this rock and the granite 
upon which it rests are situated the principal part 
of the tin, copper, lead, and manganese mines. 
The tin mines are said to be richest at the junc- 
ture of the granite and slate, as in the neighbourhood 
of Redruth. 

In the south of Devon this formation affords a 
red soil, which with the application of lime, which is 
universally used, is tolerably productive, and in some 
situations affords good pasture and even thriving 
orchards, as may be seen in the lovely valley of the 
Dart, where the blended features of meadows, 
orchards, hilly crofts and woods, present scenes of 
surpassing richness and beauty. In the north the 
agricultural aspect of this formation is less favour- 
able, and, partly owing to the greater elevation of 
the country, the soil is less productive. On the 
shore of the Bristol Channel the rocks rise from 
1,200 to 1,500 feet above the level of the sea, 
and with the deep ravines which descend through 
it present scenes of the most awful grandeur, 
while the richness and picturesque beauty of the 
Tamer and the Torridge, with the advantage of 
greater boldness, are scarcely inferior to that of 
the Dart. 

The slaty soils of Cornwall, especially in the 
mining districts, are generally poor and meagre, 
and in a colder climate and less favoured by 
rain would be very sterile; as it is, large por- 
tions of the country remain unenclosed, with a 
scanty covering of heath and poor grass, affording 
only a scanty subsistence for the few goats which 
are kept to supply milk. The cultivated lands, 
however, are rendered tolerably productive by the 
calcareous sea-sand which on several parts of the 

p 
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northern coast Is washed up upon the beach ; this 
sand, rich m sea-salts, is carried many miles into 
the interior, and extensively used as a fertilizing 
dressing for the land. The defects of the soil 
and the deficiency of the agricultural produce of 
the slates of Cornwall are largely compensated by 
their mineral treasures. 
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THE SILURIAN SYSTEM. 

This series of rocks are so named from their 
occupying principally that portion of the borders 
of England and of Wales inhabited in ancient 
times by a people called the Silures. They are the 
next in the descending order to the old red sand- 
stone, and have been separated into two principal 
divisions consisting of diflferent strata, in the fol- 
lowing manner (ascending): — 




2: S:i'°«Srt<;ne- :S Lower SiluriM.. 

3. Wenlock shale . . • I Wenlock Series. 1 

«: JLweri^udSwSe :{ . UmrBilr^ 

6. Ludlow limestone . . > Ludlow Series. ^ 

7. Upper Ludlow shale . j 
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The Llandeilo flags rest upon the older Cam- 
brian rocks, and consist of hard, dark coloured 
sandy beds, partly calcareous, which appear near 
the town of Llandeilo, in Caermarthenshire. 
Kesting upon these flag-stones there occurs an 
extensive range of sandstones, containing fossils 
with calcareous layers called the Caradoc sand- 
stone, which compose the upper part of the lower 
division of this group. In the lower part of this 
division there appears a reddish purple sandstone, 
blended with streaky marks of a green colour. 
Calcareous bands succeed, alternating with sandy 
and pebbly gritstones, which afford flag-stones. 
The calcareous beds contain abundance of fossils, 
and are burnt for lime. Upon these rests a deep 
stratum of micaceous sandstone of a green colour, 
finely laminated and containing fossils. The 
uppermost beds of Caradoc sandstones are also 
micaceous, containing beds of impure sandy lime- 
stone and shelly layers of sandstone. 

The Wenlock shale consists of a deep mass of 
clayey beds, of white or dark grey colour, contain- 
ing occasional masses of impure limestone. The 
Wenlock or Dudley limestone forms a prominent 
feature of this formation, and is the rock upon 
which Dudley Castle stands, and also forms the 
bold height of Wenlock Edge, on the banks of the 
Severn, at Colebrook Dale. 

The Wenlock limestone rests upon the shale, is 
remarkably full of fossils, and consists of thick 
beds of limestone associated with beds of an 
impure clay and shale, which pervade the crevices 
of the stone. The concretions or masses afford 
excellent lime, and are extensively quarried for 
that purpose. 
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The lower Ludlow shale resembles the shales of 
the Wenlock group, and is seen in the valleys 
between the Wenlock and Aymestry limestone. 
The steep hills west of Ludlow exhibit its junc- 
tion with the underlying Wenlock limestone, 
where it alternates witih stony layers, with corals 
and concretions of clayey limestone; these con- 
cretions are generally rormed upon some fossil or- 
fanic body. The principal portion of the lower 
iudlow formation is composed of shales, called 
locally mud-stones, of which the upper portion be- 
comes slightly calcareous. To these succeed sandy 
flagstones with layers of soapy clay, (used as ful- 
lers' earth,) separating them from the overlying 
beds of limestone. 

The Ludlow or Aymestry limestone is of a 
bluish grey colour, subcrystalline, and full of 
fossils. It appears at the village of Aymestry, in 
beds irom one to five feet thick, and forms a 
vertical cliff, at the village of Downton on the 
Rock, of above fifty feet in thickness. This lime- 
stone passes by almost insensible degrees into the 
lower beds of the upper Ludlow formation. The 
upper Ludlow shale, which is the newest rock of 
the Silurian system, consists for the most part of 
fine-grained yellowish sandstones, which rest upon 
the calcareous strata just described. This stratum 
exhibits a thin bed highly charged with fossils, 
consisting of scales, fins, jaws, teeth, and copro- 
lites of fishes, together with small shells, and 
cemented with carbonate of lime, oxide of iron, 
phosphate of lime, and bitumen ; and upon this 
rest a series of micaceous sandstones, which gra- 
dually blend with the old red sandstone above. 
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Though the above description of the structure 
of the Silurian rocks may oe considered correct 
with regard to the particular localities mentioned, 
considerable difference occurs in other parts; 
indeed a constant character never prevails in the 
mechanical structure of any series or system of 
rocks, and the only sure ground of their geolo- 
gical arrangement is the character of their organic 
remains connected with the order of their super- 
position. The slaty character of the larger por- 
tion of the rocks of Cornwall and Devon, resting 
as they do on granite, led to an erroneous opinion 
of their real place in the general series of secondary 
rocks, from which they were denominated grey- 
wacke and clay slate, but the discovery of these 
fossils being the same as those contained in the 
old red sandstone proved them to be identical in 
point of age with the last-mentioned formation, 
however diflferent in mechanical structure, and led 
to the classification of both under the name of the 
Devonian Series, as before stated. 

Rocks corresponding with the Silurian strata 
occur in many parts of the north of Europe, 
including Belgium and the banks of the Rhine, 
France, Bohemia, Scandinavia, and Russia, for 
the knowledge of which we are indebted to the 
researches of those distinguished geologists, Pro- 
fessor Sedgwick and Sir K. Murchison. 

The soils aflfbrded by the Silurian rocks are for 
the most part cold and poor, but some of good 
quality are found in Caermarthenshire, perhaps 
owing to the admixture of carbonate of lime. 
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THE CAMBRIAN, CUMBRIAN, OR SCHISTOSE SYSTEM. 

These rocks occupy portions of the east, south- 
west, and north-west of Wales, part of Lancashu'e, 
and the lake districts of Westmoreland and Cum- 
berland. This formation (or at least the upper 
beds referred to it in the table sit p. 72) is not 
always distinguishable from the lower Silurian 
just described, and their relative limits are by no 
means well defined,, as their organic remains are 
nearly the same. They principally consist of 
fine-grained hard slates, of various shades of 
purple, blue or green colour, with beds of conglo- 
merate and a dark limestone, associated with slate, 
called Bala limestone. The character of the slates 
is familiarly known from the extensive use of 
them for roofing, as the principal part of the roof- 
ing-slates are the produce of tnese rocks. These 
beds of slate are of enormous and unknown thick- 
ness, and are the lowest in which fossil organic 
remains are found, consisting of corals, encrinites, 
and bivalve shells, very sparingly distributed. 
They are extensively quarried at renrhyn, near 
Bangor, the length of the quarry being 700 yards, 
breadth 300, and depth from the ; surface 90. 
The slate is of a dark blue or purple colour, and 
is of the best quality for roofing. The rock is 
penetrated with trap-rocks, which when they occur 
have had the effect of destroying the fissility of 
the slate, rendering it flinty and turning the 
colour to black. These rocks are evidently of 
mechanical origin, and appear to have undergone 
the greatest changes of position, as they ex- 
hibit not only every degree of elevatioui but are 
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frequently contorted or twisted, as if by lateral 
pressure when in a soft Btate. Besides the lines 
of stratification, these rocks present other planes 
of division, called the lines of cleavage, which form 
large angles with the former, and are sometimes at 
right angles with them, and are the means by 
which the slates are separated for the purpose of 
roofing. These planes of cleavage are the more 
remarkable as they extend in the same direction 
over extensive districts. This diflference between 
the lines of stratification will be better understood 
by the following section. 




SeCklOH OP A KlOkLT IlTCLINtD StATC ROCS. 



STRATIFIED, PRIMARY, OR NON-POSSILIFEROUS 

ROCKS. 

CLAY SLATE. 

This rock, as its name implies, is schistose in 
character, and contains much argillaceous matter. 
It is evidently of mechanical origm, and very nearly 
resembles the greywacke slate above described, 
though the peculiar minerals it sometimes contains 
seem to indicate that it has undergone some 
change from the effects of heat. 

It occurs extensively in the lake districts of 
Cumberland and Westmoreland, in North Wales, 
Scotland, and Ireland, in all of which places it 
affords roofing-slates. The lines of cleavage, as in 
all other slates, meet the lines of stratification at 
VBTioua angles. 
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Clay slate is sometimes associated with and 
passes into chlorite slate, talcose slatCi and other 
metamorphic rocks, by gradually acquiring par- 
ticular minerals which ultimately replace the 
argillaceous slate. 

CHLORITE SLATE. 

This rock is frequently associated with clay 
slate, into which it graduates as well as into mica 
slate. It is composed of the minei^l called chlorite, 
which sometimes occurs alone, and ut others mixed 
with quartz, felspar, hornblende, &c. in different 
proportions. 

QUARTZ ROCK. 

This rock is of frequent occurrence amongst 
the more ancient strata. It varies in texture from 
a distinctly granular structure to one in which all, 
or nearly all, traces of granular form have dis- 
appeared; the same rock sometimes exhibiting 
this diversityof appearance, thereby indicating the 
different degree of heat by which the originally 
sandy materials have been affected since their 
deposition. Quartz rock occurs in Scotland and its 
isles. It is found in the Cordilleras of the Andes, 
according to Humboldt, where it is of vast extent 
and thickness, and also in Brazil; in the latter 
place it yields gold. Extensive tracts of quartz 
rock have recently been discovered in California, 
which is very rich in gold. 

HORNBLENDE ROCK AND 8LATE. 

This rock appears to have been produced by the 
partial fusion of shales, or clay slate, at such a 
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degree of heat as enabled the materials to undergo 
new arrangements, and to assume a particular 
mineral character. The texture of this rock is 
granular and crystalline, consisting of hornblende 
and felspar. The former is always of a dark green, 
approaching to black, and the felspar generally grey. 
The different varieties of this rock occur either 
compact or schistose ; namely, such as in addition 
to hornblende contain quartz, mica, chlorite, &c. 

It passes into chlorite slate, clay slate, and mica 
slate ; and alternates with chlorite slate and with 
gneiss. 

PRIMITIVE OR CRYSTALLINE MARBLE. 

This rock was formerly called primitive marble 
from its frequent association with the older rocks, 
but a better knowledge of this mineral has rendered 
that title inappropriate with regard to some mar- 
bles, as it is found associated with the upper portion 
of the secondary rocks, and is the result of the me- 
tamorphoses of limestone rocks of that period. The 
celebrated and beautiful Carrara marble is a remark- 
able instance of this, and is said to be derived from 
a stratum of the Oolites. All crystalline marbles, 
it is now generally admitted, have a similar origin, 
and are produced by the action of heat upon lime- 
stones of various ages, the impure matter either 
separating from them or running Into veins or 
masses. The opinion that such changes have been 
effected by heat is not merely conjectural, but rests 
upon the most remarkable facts. At Antrim, in 
Ireland, the trap rock has penetrated and passed 
through a chalk rock, by which the igneous rock 
baa caused the ch.alk to become crystafline for the 
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epace of Beveral feet from the point of immediate 
contact* In tlie lale of Skye, where a trap rock 
comes in contact with ttie lia^ formation, the stone 
of the latter is converted into a variegated marble. 
Similar instances are mentioned hy Sir Charles 
Lf ell as occurring in the Alps. 

■ " In sevenl parM of the count; of Antrim, tn the North of 
Ireland, chalk with flint is traTeraed by bwaltie dykes. The 
chalk IB there converted into grauulBr marble neat the basalt, 
the change Bometjmes extending eight or ten feel from the wali of 
the dyke, being greateet near the point of contact, and theace 
gradually descending till it becomee eTanescenl. The extreme 
eS*ect, Bays Dr, Berger, preaenls a dark brown dTBtalline lime- 
atone, the ciystal) nmning in flakes as large as those of coarse 
primitiTe limestone; the next state Li saccharine, thin, Ene 
giained, andarenaceous ; a compact variety, having a porcellsnoos 
aspect, and of a hloish grey goIout, succeeds ; tbis towards the outer 
edge becomes yellowish white, and insensibly gradnales into 
unaltered chalk. The flints in the altered chalk nsually s«9ume 
a grey yellowish colour. All traces of oi^nic remitiDs are efeced 
in that part of the Umeetone which is most crystalline." 
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mCA SLATE. 

This rock is chiefly composed of mica and 
quartz dispersed in laminse, and from the crystal- 
line character of its ingredients presents at once a 
slaty and metallic appearance. It differs from 
gneiss in containing no felspar. The layers are 
often exceedingly contorted or twisted, as if thrown 
into this form when in a soft or flexible state ; it 
often contains garnets in great abundance, and 
graduates on the one hand into gneiss, and on the 
other into talcose or chlorite slate, and other rocks 
of similar character. 

This metamorphic rock occupies a large portion 
of the surface of Scotland, extending from about 
Stonehaven in Kincardineshire, on the east, to the 
Mull of Cantire in the North Channel; and 
occupying the larger portion of the counties of 
Forfar, f erth, and Argyle, the islands of Islay 
and Fern, with portions of Bamffshire and 
Inverness ; comprehending therefore the most 
elevated and mo\mtamo\\s ^«c^ of Great Britain, 
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of which the following mountains are some of 
the principal, whose lofty summits and imposing 
grandeur form so large a portion of the sub- 
lime scenery of that part of the kingdom: — 
the Ben Gloe, Benchocan, Ben Chonzie, Ben 
Lawers (4,015 feet), Ben Lomond, Ben More, Ben 
Voirlick, Mont Fourvanny, Mount Balloch, &c. 
In the North of Ireland the mica slate occupies 
nearly the whole of Donegal, with part of Lon- 
donderry and Tyrone, and on the west the larger 
part of Mayo and Galway. It is a very pre- 
vailing rock in most countries, and forms often a 
very large portion of the most elevated mountain 
chains. 

GNEISS. 

This rock is generally schistose or slaty, with the 
laminae often exceedingly contorted, and consists 
of the ordinary crystalline components of granite, 
quartz, felspar, silica, and hornblende, with a 
frequent mixture of other minerals. The compo- 
sition is, however, very variable, seldom preserving 
a constant character in any locality, and when its 
fissile arrangement becomes obscure or lost, it so 
much resembles granite as not to be readily dis- 
tinguished from some specimens of that rock, more 
especially when, as sometimes happens, large crystals 
of felspar, resembling horses' teeth, are distributed 
throu^ it, as in the celebrated granite of Hay tor, 
in Devonshire. This appearance occurs in the 
gneiss of the Alps and of Scotland. It must be 
evident that no system of names can carry any 
precise idea of the composition of such rocks, 
which must originally have been so variously com- 
pounded, and subsequently so differently modified 
bj chemical and mechanical af^encAei^. ^^^as^ x5^^ 
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occupies by far the larger portion of the central 
Highlands of Scotland, from the Grampian range 
inclusive to the northern shores of Sutherland, 
and from the mouths of the Yethah and the Dee 
on the east, to the broken shores of Inverness 
and Rosshire on the west. The western isles 
are entirely composed of the same rock, as are 
also those of Tiree, Coll, and the larger part of 
the Shetland group. This rock, like the mica 
schist before noticed, occurs abundantly in most 
parts of the world, forming with it the great 
mass and steep acclivities of almost all exten- 
sive mountainous regions, generally descending 
beneath all the other stratified rocks, and also 
rising above them to the greatest elevations. The 
general aspect of the surface of both the mica 
schist and gneiss, is that of wildness and sterility, 
where lofty mountains and wide irreclaimable 
heaths occupy the largest portion ; but at the same 
time exhibiting in many a deep and fertile glen 
the most beautiful contrast of abundant corn-fields, 
rich pastures, and luxuriant woods, with the 
rugged features and awful sublimity of the sur- 
rounding district. This rock produces a great 
variety of metals. The mines of Bohemia, Saxony, 
and Salzburg, are situated on it, and afiTord the 
ores of tin, lead, copper, silver, and cobalt. In 
South America the metallic veins of this rock are 
not found very productive, but in some districts 
yield small quantities of gold, silver, copper and 
lead. 

UNSTRATIFIED ROCKS. 

These rocks form a large part of what is called 
the crust of the eaT\.\i, «»& thay underlie and pene- 
trate most of the atTa\A^a^xQOsaA^^\£L^^^^\iRk 
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they differ in exhibiting no appearance of having 
been deposited by the action of water, in their 
highly crystalline texture, and in the indications 
they constantly afford of their subterranean and 
igneous origin ; and they appear to have been the 
proximate cause of the elevation of mountain 
chains, and all the great inequalities which the 
surface of the earth exhibits. Under the general 
terms of trap and plutonic rocks, but having dif- 
ferent names according to their obvious appearance 
or their mineral composition, as we have before 
noticed, they are found intruded, into, fracturing, 
and overlying the stratified rocks of all ages, and 
more or less effecting changes in their condition 
and mineral character. From their resemblance 
in mineral composition to the lavas poured forth 
from volcanic mountains, either at their summits, 
or on their flanks, or beneath the sea, there is the 
greatest reason to believe that the different struc- 
ture they exhibit is principally owing to the 
pressure under which they were formed, and the 
time required for their cooling. An experiment 
of Mr. Gregory Watt on the effect of the rate of 
cooling of molten basalt threw considerable light 
on the manner in which mineral substances are 
affected by similar operations on the grand scale of 
nature. 

This philosopher fused seven hundredweight of 
an amorphous basalt, named Rowley Kag, described 
as fine-grained, and of a confused crystalline 
texture. The fire was maintained for more than 
six hours, and the fused mass was suffered to cool 
very gradually, so that eight days elapsed before 
it was removed from the furnace. The mass 
was then three and a half feet long, two feet and 
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a half wide, about four inches thick at one end, 
and about eighteen inches at the other. The 
irregularity of form resulting from the shape of 
the furnace was highly advantageous, showing the 
arrangement of bodies passing from a vitreous to 
a stony state. A portion taken out while the 
basalt was in fusion became perfect glass. The 
most important result observed was the formation 
of spheroids, sometimes extending to a diameter of 
two inches. They were radiated with distinct 
fibres, the latter also forming concentric coats 
where circumstances were only favourable to such 
arrangement. But this structure gradually dis- 
appeared when the temperature was sufficiently 
continued, the centres of most of the spheroids 
becoming compact before they attained the 
diameter of haJf-an-inch. This structure gradually 
pervades the whole body of the spheroids. A 
continuation of the temperature favourable to 
arrangement speedily induces another change. 
The texture of the mass becomes more granular, 
its colour rather more grey, and the brilliant points 
larger and more numerous ; nor is it long before 
these brilliant molecules arrange themselves in 
regular forms, and finally the whole mass becomes 
pervaded by thin crystalline laminae, which inter- 
sect it in every direction, and form projecting 
crystals in the cavities. By this experiment it 
appears that the same mineral compound which by 
rapid cooling produces a glassy substance, by a 
slower rate undergoes changes by which the same 
matter is formed into granular crystals. Treating 
of the same subject Dr. MaccuUoch, after examin- 
ing with great attention the igneous rocks of 
Scotland^ obsexvea, ^^ tWt it is a mer« dispute 
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about terms to refuse to the ancient eruptions of 
trap the name of submarine volcanoes^ for they are 
such in every essential point, although they no 
longer eject fire and smoke." The same author 
also considers it not improbable that some of the 
volcanic rocks of the same country may have been 
poured out in the open air. Sir Charles Lyell, in 
his admirable work on the principles of geology, 
states that '^ the recent examination of the igneous 
rocks of Sicily, especially those of the Valdi Noto, 
has proved that all the more ordinary varieties of 
European trap have been produced under the 
waters of the sea in the new Pleiocene period, that 
is to say, since the Mediterranean has been in- 
habited by a great proportion of the existing species 
of shell-fish. We arfe therefore entitled to expect 
that if we could obtain access to the existing bed 
of the ocean, and explore the igneous rocks poured 
out within the last 5,000 years beneath the pressure 
of a sea of considerable depth, we should behold 
formations of modern date, very similar to the 
most ancient trap rocks of our island. We cannot, 
however, expect the identity to be perfect, for 
time is ever working some alterations in the com- 
position of these masses, as, for example, in con- 
verting porous lava into amygdaloids (toadstone)." 
— Pasmpe of Trap into Granite, 

**If a division be attempted between trappean and 
volcanic rocks, it must be made between different 
parts of the same volcano, — ^nay, even the samis 
rock which would be called " trap " when it fills a 
fissure and has assumed a solid ctystalline form, 
from slow cooling, must be termed volcanic or lava 
when it issues on the flanks of the mountain." 
" Some geologists may, perhaps^ be of o^\32L\ax>L 
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that melted matter which has been poured out in 
the open air, may be conveniently called volcanic ; 
while that which appears to have cooled at the 
bottom of the sea, or under pressure, but at no 
great depth from the surface, may be termed trap ; 
but it is very doubtful whether such distinctions 
can be made without confusion, and whether we 
shall not be obliged to consider trap and volcanic 
synonymous terms. On the other hand, the 
diflSculty of distinguishing the volcanic from the 
plutonic rocks is sufficiently great, there being 
an insensible passage from the most common 
forms of granite into trap or lava." 

" The ordinary granite of Aberdeenshire,** says 
Dr. MaccuUoch, '* is the usual tertiary compound 
of quartz, felspar, and mica ; but sometimes horn- 
blende is substituted for the mica. But in many 
places a variety occurs, which is composed simply 
of felspar and hornblende ; and in examining more 
minutely this duplicated compound, it is observed 
in some places to assume a fine grain, and to 
become undistinguishable from the greenstones of 
the trap family. It also passes in the same un- 
interrupted manner into basalt, and at length 
into a soft claystone with a schistose tendency 
on exposure, in no respect diflPering from the trap 
Islands of the western coast." " The same author," 
continues Sir Charles Lyell, " says that in Shet- 
land, a granite composed of hornblende, mica, fel- 
spar, and quartz, graduates in an equally perfect 
manner into basalt." 

It will appear from the above extracts that the 

external appearance of these unstratified rocks is 

exceedingly various, and that the variety they 

present has been ^ex^ \xi\3LdcL \£&Menced by the 
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Circumstances under which they have been pro- 
duced. They are all principally composed of 
greater or less proportions of the following che- 
mical substances^ the aggregate quantity of each 
of which may be considered as indicated by the 
order in which they are mentioned, beginning 
with the greatest ; viz. silica, alumina, lime, mag- 
nesia, oxide of iron, potash, soda, oxide of man- 
ganese. These, however, exist in the form of 
minerals which are distinguished by the following 
terms : — Quartz (pure silex), felspar, mica, horn- 
blende, and augite, of which some explanation 
will be given hereafter. 

The following are the principal rocks of 
igneous origin, mcluding those called trap and 
volcanic: — Granite, porphyry, basalt, toadstone 
or amygdaloid, greenstone, serpentine, compact 
felspar, wacke, claystone, clinkstone, melaphyre, 
trachyte, pitchstone, augite rock, hypersthene, 
comean, trap tuff, lava, obsidian, pumice, vol- 
canic conglomerate. An explanation of the com- 
position or nature of these will be found in the 
form of a Glossary, which will contain also an 
explanation of terms used in geology, and other 
miscellaneous relative information. 
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The beginner, who has been led to investigate 
the interesting phenomena of geology, and has 
heard the various names given to the substances 
of which the crust of the earth is composed, will 
naturally feel desirous of knowing something more 
of their nature ; that is, of the elements, or primary 
forms of matter which enter into their compositioD, 
and the laws by which their combinations are re- 
gulated ; in other words, the chemical properties 
of matter. It will be the object of the few follow- 
ing pages to attempt to impart &nch a degree of 
knowledge as may enable lliose wiio have not 
previoushr turned their attention to chemistry, to 
form at least such correct general views of the 
subject, as may suffice for the intended purposa 
Both chemistry and mineralogy are intimately 
connected with the science of geology ; but the 
limits of an elementary work like the present will 
not allow us to say more upon the former subject 
than is indispensable for the right understanding 
of the leading features of the latter ; and we must 
therefore refer the reader who wishes for more 
particular and extended information on those very 
interesting relative departments of knowledge, to 
works expressly devo\.^9L\.o\!fteai» 
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The total number of elements, or primary forms 
of matter, of which all known substaneea are com- 
pounds, is 54, and are the following; to each of 
which is added its equivalent nwB^yer, or com- 
bining proportion: — 



] 


Squivalents. 


] 


BquiTaDents. 


^aminum . . 


. . 13 


' Mercvry • . . 


. . 200 


Antimony « . 


. . 44 


Molybdenum . 


... . 4& 


Arsenic . .. , 


. . sa 


Nickel . . . 


. . 80 


Barium . . . 


. 69 


Nitrog^i . .. , 


. . 14 


Bismuth . . , 


. . n 


Osmium . . . 


, . 100- 


Boron. . » . 


. . 11 


Oxygen . . . 


. . 8 


Bromine . . . 


.. . 78 


Palladium . . 


. . 53 


Cadmium • . 


. . 66 


Phosphorus . . 


. . 12 


Caleium . . . 


. 20 


Platinum • . 


. 98 


Carbon . . . 


. 6 


Potassium . . 


. . 40 


Cerium . . 


. . 50 


Ehodium . . 


. . 52 


Chlorine . . . 


• 36- 


Selenium . . 


. 40* 


Chrottinm. . 


. . 28 


Silicon • . . 


. 8 


Cobalt . . . 


. . 30 


Silver . . . . 


. . 110 


Columbium . . 


. . 185 


Sodium . . . 


. .. 24 


Copper . . 


. . 82 


Strontium .. . 


. . 44 


Fluorine . . . 


. * 18 


Sulphur . . . 


. . 16 


Glucinum • . 


. . 18 


Tellurium » . 


. . 64 


Gold . . . , 


. . 199 


Thorium . . . 


. 60 


Hydrogen . . 


. 1 


Tin . . . . 


. 58 


Iodine . . 


. .126 


! Titaniuan . . 


. 24 


Iridium . . . 


. . 9S 


Tungsten . . 


. . 94 


Iron . . . , 


. . 28 


Vanadium . . 


. 68 


Lead . . . . 


. 104 


Franinm . . . 


. . 208 


Lithium .. . . 


. 6 


Yttrium . . . 


. . 32 


Magnesium . . 


. . 12 


f Zinc . . . 


. . 33 


Manganese . . 


. 28 


Zirconium . 


. . 33 



Beside the general law of gravitation, by which 
all matter 19 attracted to one common centre, and 
whick acta at the greatest distances^ and that g£ 
corouscular attraction,^ which acts only at insen- 
sible distances, these elements^ or primary atoms 
of matter, are subject to a peculiar law, eaUed 
chemicat attraction ; by which one atom attracts 
another^ and forms what is callied a chemical union 
with it Xhia tendoqcy of (me ^eia^'c^» V:^ xassX^^ 



230 GEOLOGY. 

with another is called chemical affinity : and the 
union itself is chemical combination. Each indi- 
vidual element, however, manifests this tendency 
to unite with others in very diflPerent degrees; and 
this partiality or preference of one for another is 
called elective affinity. 

In these chemical unions of the elements, to 
form compounds, they unite in exact and known 
proportions, by weight, and in no other. For in- 
stance, if one pound of the gaseous element called 
hydrogen be mixed with eight pounds of another 
gaseous element called oxygen, and fire be applied 
to the mixture, these gases instantly unite with 
violence, giving out flame or heat and light, and 
form nine pounds of the neutral compound — water ; 
but if there had been more than one pound of 
hydrogen, or on the other hand, more than eight 

Eounds of oxygen, the excess in either case would 
ave remained unchanged, and only the same 
quantity of water would have been produced. 

The compound is called neutral because it re- 
sembles neither of the elements of which it is 
composed. The number expressing the weight of 
the combining proportion of each element is called 
its equivalent, or combining proportiofi; thus the 
equivalent of hydrogen is 1, ana that of oxygen 8. 
Water, the neutral compound formed of these 
elements, has also its equivalent number, wMch is 
the sum of its two elements, 9. In numerous 
instances, one, two or more equivalents of one 
element, will unite with one, two, or more equi- 
valents of another element, producing compounds 
of very difierent properties from one another. 
Thus the equivalent number of carbon (charcoal) 
is 6 ; and if 6 pounds ot \5cvaX. ^xsJa^tauce be burnt 
jp 8 pounds or one ec^mN^XenX. oi ^3.^^^ ^^*^ 
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result will be 14 pounds of carbonic oxide ; but if 
1 6 pounds, or two equivalents, be used, the resulting 
compound will be 22 pounds of carbonic acid. It 
must be evident from what has been stated before, 
that the equivalent number of carbonic oxide must 
be 14, and that of carbonic acid 22 ; and in these 
proportions they unite with other substances. We 
must here observe that it matters not whether we 
use pounds or grains in illustration of the doctrine 
of equivalents, as they are mere terms of propor^ 
tioTiy and not of absolute quantity. The term atom 
is often indifferently used for equivalent, whether 
it be a simple element or a compound of many ; 
thus water and carbonic acid are called compound 
atoms, or equivalents. When it is considered that 
in numerous chemical combinations a great number 
of equivalents of one element unite with varying 
numbers of equivalents of other elements, in each 
instance producing compounds of very different 
properties, it may easily be conceived that the 
products of a few simple elements may be almost 
infinite. If 28 grains, or one equivalent of lime, 
which is a compound, as will be hereafter shown, 
be dissolved in water, and the solution be agitated 
in a jar with 22 grains, or one equivalent, of car- 
bonic acid, they will unite in a solid state; the 
lime will lose its burning or caustic property, and 
fall to the bottom of the jar as an insoluble com- 
pound, called carbonate of lime; thus showing that 
compound atoms unite in the proportion of their 
equivalent numbers, in the same manner as ele- 
ments. In the latter case, the equivalent number 
of carbonate of lime is 50. 

We have mentioned the elective attraction, or 
affinity of elements, by which each has a tendency 
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to unite witk some other element in preference to 
the rest. The same law prev^Ja in theij? eom- 
pounds* If the carbonate of lime above mentioned 
be separated from the water, aiui a strong acid — 
vitriolic acid, for instance — ^be poiir^ upon il^ the 
lime will elect the sulphuric acid, b; reaiSOQ of it»; 
stronger affinity for it tha^ for tbet carbonic addi 
tJhe latter, being abandoned^ will escape in itis ferm^ 
shape of a g^is, causing a strong effervescence. 
Innumerable instances of this so-called; elective 
affinity are in constant aetipn m the cheinisl^y of 
mature. The various elements which compose 
vegetable and animal substances ha»ve t^eir affi- 
nities controlled dvuring life by that mysterious 
power called the vital principle, which cajoses.them 
to combine under different arrangements than those 
they would otherwise assume. When,, howeveif) 
this power ceases — that is, when the plant or anioial 
dies — the elements assert their propei; actions ;; each 
unites with that for which it has the stn^gest 
affinity, new combinations are formed^, and an 
entire destruction of the organic structure ensues*. 
Decay, putrefaction, and fermentation, aie sucb 
instances, in which the elements resolve theoaselves 
by their elective affinities into more simple and 
permanent compounds. Mineral substances un- 
dergo similar mutations under the influence of lugh 
degrees of heat, which allow of iiie &ee action of 
their elements to assume new airangements,^ as in 
the case of igneous rocks effecting the metamor- 
phoses of others with which, they come in contact; 
namely, the conversion of commoQ limestone and 
chalk into crystalline marble, that of sandstone 
into quartz rock, and of shales and slates into 
Jborn blende and m\(^a ^V^t, &^ We may also 
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mention the action of water in dissolving' minerals 
and promoting their mutual decomposition ^ as in 
the production of iron pyrites jfrom sul{Aate of 
lime and salts of iron, and the decomposition of 
i?ocks aided by the chemical affinity of carbonic; 
acid for the suhst^ices of which they are com- 
posed, by which their separated parts are enabled 
to eater into new combinations,, and often ta 
assume crystalUne forms. 

The tendency of elements to unite chemically is 
considered by chemists to. be owing to electric 
action, that is^ that those which readily unite are 
in opposite states of dectricity ; the one being au 
electro-positiYe, and the other an electro-negative ; 
that is, a metal belongs to the former claiss, and 
oxygen, which unites with it, to the latter. So 
also an oxide of a metal, or, as it is called in 
chemical language, a base, is an electro-positive, 
and the acid which combines, with it to form a salt 
is an electro-rnegative* In some cases an electro- 
poritive assumes the opposite character when in 
contauct with another electro-positive, and thus 
unites with it. This discovery, however, of the 
seeming proximate cause of the action of simple 
and compound atoms: upon one another, removes 
but little of our ignorance: it certainly abates 
none of our admiration of those still mysterious, 
and wonderful primary laws, which have been im- 
pressed by infinite Wisdom and Power upon the 
universe of matter, and are the agents alike of 
those awful changes which have affected and con- 
tinue to affect the framework of our globe, and the 
production and continual renovation of those vari- 
ous forms of life, loveliness and plenty which adorn 
and replenish its surface. 
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We have before stated that there are 54 ele- 
ments ; some recent discoveries have, we believe, 
increased the number to 56. Many of these, 
however, are of so rare occurrence and of such 
unimportant amount, that we shall be content with 
having recorded their names in the foregoing 
table, and hereafter taking a brief notice of them 
in the Glossary, reserving for a more particular 
description in this place the chemical properties of 
those elements and earthy and alkaline compounds 
which are more immediately connected with geo- 
logy, as composing the great mass of the solid 
surface of the earth, and the watery and gaseous 
mantles by which it is surrounded, as well as the 
various forms of organic life by which it is in- 
habited. 

OXYGEN — EQUIVALENT NUMBER 8. 

This element, in a state of gas, constitutes 
about 21 per cent, of atmospheric air ; it is colour- 
less, tasteless, and inodorous, and is somewhat 
heavier than common air. Its presence in the air 
is indispensable to the life of both animals and 
plants, on which account it has been called vital 
air. When we inhale common air, the oxygen it 
contains is converted by its union with the carbon 
and hydrogen of the blood into carbonic acid and 
water, in which state it is again given out in the 
act of breathing. The consumption of oxygen in 
this way in confined apartments is the cause of 
distress in breathing, and a sense of suffocation. 
Oxygen combines witk all the other elements 
except fluorine, either in a gaseous, fluid, or solid 
form. With carbon, aS we have seen, it forms 
carbonic oxide, and (iaT\iou\ft ^d\ with hydrogen^ 
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the fluid water ; and with metals it forms those 
mineral substances called metallic oxides, of which 
we have familiar instances in the rust of iron, and 
red lead; thus, combined with other metals, or 
metal-like substances, viz. silicon, aluminum, cal- 
cium, magnesium, potassium, sodium, &c., it forms 
about half the sohd substance of the crust of the 
earth. It is an acidifying principle, and enters 
into the composition of most acids. 

Oxygen is the active agent in efiecting the 
decay and decomposition of dead animal and vege- 
table substances, and their destruction by fire, 
as such substances will neither decay nor burn, 
when perfectly excluded from the air, as in the 
vacuum of an air-pump, or by being buried deep 
in the ground, or under water. As soon as life 
ceases in vegetables or animals, at ordinary tem- 
peratures, the action of oxygen begins to effect 
their dissolution, and never ceases until they are 
completely disorganized, and their elements re- 
solved into new compounds. At higher tempe- 
ratures, rapid combination of oxygen takes place, 
accompanied with the evolution of heat and light, 
of which we have familiar instances in the burning 
of gas, candles, and coals; in these cases the 
oxygen of the air enters into combination with the 
carbon and hydrogen of the combustible matter, 
forming carbonic acid gas with the former, 
and the vapour of water with the latter. To this 
rapid action of oxygen the term combustion has 
been given. Combustible bodies bum with in- 
tense vehemence in pure or undiluted oxygen gas. 
If a burning stick be plunged into a jar containing 
pure oxygen, it instantly bursts into a brilliant 
flame, and bums away with the greatest violence t. 
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a heated wire also instantly takes fire, and is sooa 
consumed, giving out intense heat and light. The 
affinity of oxygen for metals is very yariable ; it 
is with difficnlty brought to combine with gold and 
platinum, while it readily forms oxides with others, 
such as lead, iron, and manganese* Tke pellicle 
formed on the surface of melted lead i& aa oxide 
of that metal, which is renewed as fiist as it is- 
removed. At low, or the ordinal^ temperatureB of 
the air, both lead and iron unite with oxygen 
when moisture is present, but in a perfectly dry 
atmosphere both remain imchanged. From. tJiese> 
metals the oxygen is easily separated by means of 
fluxes, — that is, by burning them in close vesseb 
with combustible matter, which unites witb the 
oxygen, when the metal resumes ita former stat^ 
while with some other metals its union is se 
powerful as to require the most energetic chemical 
means to overcome it. 

HYDROGEN — EQUTVAIiENT NUMBER 1. 

Hydrogen, or inflammable air, a^ it is often 
called, is tiie lightest of all gases, its specific 
gravity compared with atmospheric air being as 1 
to 15. It has. a powerful affinity for oxygen, and 
unites with one atom, eight of that oleiseot to 
form water, as we have before stated, and, in the 
same proportion with oxygen^ forms nearly half 
the dry inflammable substance of plajits^ called 
woody fibre, as welll as of starch, sugar, and 
animal matter. It also in a solid form enters into 
the composition of animal and v^etable oils and 
fats, which owe their inflammability to its pre- 
s^nce. Hydrogen \a X\v^ \i&a.mmable piinc^ple of 
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mineral coal« Wiien coal is distilled in elose 
Y^sels, as in gas-retorts, the hydrogen unites with 
a part of the carbon of the coal, and produces the 
gas called carburetted hydrogen, with T^ch our 
streets are lighted, and is the same as the inflam- 
mable gas of coal-pits, caUed fire-damp. Uniting 
with ^phtu* and with phosphorus, it forms the 
poisonous and offensive gases which arise fix>m 
pntrefjring animal and vegetable substances. Hy- 
drogen constitutes the volatile element in the 
aroma of flowers and all volatile oils. Pure hy- 
drogen may be obtained from water by causii^ 
the steam to pass tiirough a heated gun-barrel, 
by which the oxygen of the water is detained, 
^nd the hydrogen set free. The reunion of these 
elements by combustion, produces the most intense 
degree of heat and light. This is effected in 
what is called the oxy-hydrc^gen blowpipe. In 
-combination with oxygen, hydrogen forms a solid 
union with mimy mineral substances. 

CARBON — EQUIVALENT NUMBER 6. 

This is the most abundant element of vegetable 
and animal substances, as it constitutes about 45 
per cent* of dry vegetable matter, and about 
55 per cent, of dry flesh. It also forms the 
principal part of mineral coal. It is very com- 
bustible, andreadily takes fire at a high temperature. 
We have shown that one equivalent of carbon 6 
unites with one equivalent of oxygen 8, to form 
carbonic oxide, and with two equivalents of oxygen 
to form carbonic acid. The latter gas forms the 
choke-damp of coal-pits, and sometimes of wells, 
and is the cause of d^th when charcoal is burnt in 
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close apartments. It is given . off abundantly in 
the fermentation of wine or beer, and sometimes 
proves fatal to persons who descend incautiously 
into beer- vats. 

Carbon exists in the atmosphere in the state of 
carbonic acid gas, of which it constitutes about 
1,000 parts by weight, and is the source of all the 
carbon contained in plants, which obtain it by 
means of their leaves and roots, but principally 
the former ; it also exists in great abundance in 
sea-water. It has been shown that one equivalent 
of carbonic acid 22, unites with one equivalent of 
lime 28, to form carbonate of lime 50. Now as 
the equivalent of carbon is 6, fifty pounds of the 
carbonate of lime, or pure marble, will contain six 
pounds of carbon, or 12 per cent; a very re- 
markable chemical ingredient in a purely white 
stone, or as a constituent of chalk. The most 
familiar form of carbon is wood-charcoal, in which, 
however, it is still united with the ashes, or earthy 
part of the plant : the diamond exhibits it in its 
purest form, which has been proved, by the most 
exact chemical experiments, to consist of carbon 
alone, in a crystalline form. Besides coal and 
limestone, carbon is found united with many mine- 
rals ; plumbago, or black lead, is a compound of 
carbon and iron, of which carbon forms from 90 
to 95 per cent. This substance is also called 
graphite, and is found of great purity at Borrow- 
dale, in Cumberland. Cast-iron always contains 
a considerable portion of carbon. Iron unites 
with carbon to form steel, to produce which iron 
bars and powdered charcoal are placed in alternate 
layers in an oven, and afterwards kept at' a red 
heat for some daya, ^aA ^Tt^^iXlj excluded from 
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the air ; by this process, which is called cement- 
ation, the iron gradually combines with from 1.3 
to 1.75 per cent, of carbon, its texture is much 
changed, and its surface blistered ; it is afterwards 
hammered into bars at a red heat. By this ope- 
ration it becomes less malleable than iron, but 
gains in hardness and elasticity. Carbon is a 
powerful antiseptic. Meat placed in powdered 
charcoal is preserved a long time from putrefaction 
and is even recovered from the commencing stage 
of putrescence by being covered with water con- 
taining charcoal. 

NITROGEN, OR AZOTE. 

This element constitutes about 79 per cent, of 
the atmosphere, in which it appears to act merely 
as a dilutor. Its equivalent is 14. It is perfectly 
tasteless and inodorous, and though not poisonous, 
is incapable of supporting life and extinguishes 
flame. By burning phosphorus in a jar of at- 
mospheric air over water, the whole of the oxygen 
is removed, the resulting phosphoric acid being 
absorbed by the water. Nitrogen constitutes a 
portion of all animal substances, and is indispen- 
sable to the existence of plants ; it abounds, how- 
ever, much more in the former than the latter, 
which is the principal cause of their difference. 
It is the foundation or radical of nitric acid, as 
that important acid is formed by the union of 
1 atom of nitrogen, with 5 atoms of oxygen, and 
when united with potash, soda, or lime, forms salts, 
called respectively, nitrate of potash, nitrate of 
soda, and nitrate of lime. 

This process is continually going on in nature, 
and both nitrate of potash, (nitre,) and nitrate of 
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«oda, are abundantly formed in the soils of warm 
countries^ and are obtained from tiiem by lixi- 
viation, (washings) and subsequent cry8<».Uization. 
Nitre is chiefly obtained from India, and nitrate of 
soda is obtained in great quantities from Peru, 
where the supply is said to be inexhaustible. 
Nitre is produced artificially in France by the 
fermentation of vegetable and animal substanoes, 
in contact with potash. The nitre thus formed is 
afterwards extracted from the mass by lixiviation 
and evaporation. Though nitrogen unites with 
oxygen, it is with a very feeble affinity, and when 
mixed with sulphur and charcoal, on being ignited, 
the oxygen of tne nitre unites with those substances 
with explosive violence, as in the case of gun- 
powder, which is a compound of these substances. 
One atom of nitrogen unites with three atoms <^ 
hydrogen to form ammonia; with one atom of 
oxygen it forms nitrous oxide, with two atoms 
nitric oxide, with four atoms nitrous acid, and 
with five atoms nitric acid, as above stated. 

THE ATMOSPHERE. 

The gaseous matter which surrounds the earth 
consists principally of two of the gases, oxygen 
and nitrogen, in the proportion of 21 of the for^ 
mer to 79 of the latter, and is confined to the 
surface by the force of gravity. It is invisible 
and colourless, and destitute of either taste or 
smell, is exceedingly elastic, and is used as 
the standard of weight of all other gases, being 
reckoned as 1, or unity. At the temperature of 
32° it is 769 times lighter than water. At the 
Jevel of the sea \U mi^^ccL ^t^^^ure is 15lbs. upon a 
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square Inch, and it supports a column of mercury 
of 30 inches^ and one of water of 34 feet. It is, 
however, subject to variations of pressure at the 
same place, owing to causes not well understood ; 
but from some recent observations upon winds 
and storms, it seems probable that it is owing to 
the circular motions called vortices, in the centre 
of which the pressure would naturally diminish. 
On ascending mountains it is found that the pres- 
sure diminishes, and at 15,000 feet is diminished 
to about half; this diminution of pressure takes 
place in a geometrical ratio, for equal spaces of 
ascent, and is so constant and regular as to be 
adopted as a ready means of measuring the height 
of mountains, and the altitude attained by bal- 
loons. The entire depth of the atmosphere is not 
precisely known, but from some observations on 
the refraction of light, it is supposed to be about 
45 miles, at which height it must be exceedingly 
rare. 

The mean temperature of the atmosphere at 
any given latitude varies with the elevation. It 
receives no heat from the passage of the sun's 
rays through it, but derives it from the earth, so 
that its heat must necessarily be greatest at the 
surface, and is found to diminish 1° of Fahrenheit 
for every 352 feet of ascent; and thus in every lati- 
tude there must be a point of elevation where it 
never rises above 32° or the freezing point. 
Under the equator this point is about 15,000 feet 
above the level of the sea, diminishing progres- 
sively with the increase of latitude ; at 55® it is 
5,034, and at 85° only 117 feet above the sea. 

Though the atmosphere consists chiefly of 
oxygen and nitrogen in the proportions ahov^ 

R 
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mentioned, it is loaded, so to speak, with other 
matters; for, besides a variable quantity of the 
vapour of water, it contains about 1,000th part, 
by weight, of carbonic acid, a proportion which is 
found to be nearly constant in all situations, and 
at every elevation where it has been examined. 
It also contains ammonia and other gaseous im« 
purities, such as the miasm of marshes, and the 
products of volcanoes. Strictly speaking, how- 
ever, carbonic acid and ammonia should not be 
called impurities, as they are both essential to 
vegetation, and therefore to the animal existence. 
Our limits, and the nature of our present subject, 
prevent us from dwelling longer upon this most 
interesting fluid, the changes and condition of 
which exercise so much influence upon our health, 
and are the constant theme of solicitude and ob- 
servation. 

CHLORINE. 

Chlorine, as a constituent of sea and common 
salt, is a very abundant element in nature ; its 
equivalent number is 36. In its gaseous or un- 
combined state it is very suffocating and offensive 
to the lungs, proving very injurious to persons 
affected with pulmonary complaints. With 1 
equivalent of hydrogen it forms muriatic or 
hydrochloric acid; and common salt, or chloride 
of sodium, consists of 1 equivalent of this element, 
and 1 equivalent of sodium, the metallic base of 
soda. It is immediately destructive to the colour- 
ing matter of vegetables, and a preparation of it 
with lime is now generally used for bleaching 
cotton and linen fabrics ; this preparation is called 
bleaching powder. \\, \^ «ia>c» l^e eflSicient prin- 
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ciple in the liquid chloride of lime, so much used 
for disinfecting foul air and infectious miasms of 
the apartments of the sick. Its operation in this 
respect is very interesting. Hydrogen and am- 
monia are the gaseous components and vehicles of 
miasms. Now chlorine has a strong affinity for 
the former, and, uniting with it, forms muriatic 
acid ; which acid, combming with the ammonia, 
destroys its volatility, and thus the miasm is de- 
composed. And, further, the lime of the liquid 
chloride attracts carbonic acid, another injurious 
gas in close apartments. Chlorine combines with 
metals and other substances forming those com- 
pounds called chlorides; with five atoms of oxygen 
it forms chloric acid, which combined with pot- 
ash produces chlorate of potash, a salt extensively 
used for making lucifer matches. 

SULPHUR. 

This combustible element is too well known to 
need description ; its equivalent number is 16. It 
is found in a mineral state in volcanic countries, 
and the principal supplies for the consumption of 
Europe are obtained from Naples. It commonly 
occurs in a massive state, but sometimes is met 
with crystallized. It also exists abundantly in 
combination with metals, such as silver, copper, 
antimony, lead, and iron, forming combinations 
called sulphurets. Its combination with iron 
is called iron pyrites (sulphuret of iron), from 
which it is obtained by exposing it to a red 
heat in close vessels. Its specific gravity is 1.99, 
water being 1. It fuses and melts at 232, and 
at somewhat a higher degree acquires fluidity^ 
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When liquid, it is poured into moulds, and forms 
the roll sulphur of commerce. In cooling it has a 
tendency to crystallize, which may be observed 
by breaking one of these rolls. At a high degree 
it rises in vapour, and condenses again in close 
vessels, forming what are called flowers of sul- 
phur. In the open air it burns at the temperature 
of 300° Fahr., in which case it unites with two 
atoms of oxygen, and produces sulphurous acid. 
If burnt in close vessels with nitrate of soda, with 
the presence of water, it unites with three atoms 
of oxygen, and forms sulphuric acid, the acid of 
commerce. Both these acids unite with metallic 
oxides and form salts; those resulting from the 
combination of sulphurous acid are called sul- 
phites, and those afforded by sulphuric acid are 
denominated sulphates. Green copperas is a sul- 
phate of oxide of iron ; Glauber salt, a sulphate 
of soda; and gypsum, a sulphate of lime. The 
beautiful pigment ultra-marine is a compound of 
sulphur, soda, and oxide of iron ; the natural 
mineral was exceedingly costly, but it is now 
made artificially and sold at a comparatively low 
price. Coals often contain sulphur in the form of 
sulphuret of iron, which is seen adhering to the 
fractured surface in thin laminae resembling gold. 
It is owing to the decomposition of this mineral, 
when coals are stowed away in a wet state in the 
holds of ships, that spontaneous combustion takes 
place and the consequent destruction of the vessel. 
Sulphur may be considered as a mineral very gene- 
rally diffused in the mineral kingdom, in combi- 
nation with metals from which it is difficult en- 
tirely to separate it, which is the more needful as 
its presence is injuTiow^ \.o \)afcYt \asaJiA«hility. For 
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this purpose, previous to smelting, iron ores are 
calcined. 

PHOSPHORUS. 

This is a highly inflammable substance, which 
when pure is transparent and almost colourless, 
and when cut with a knife has a waxy lustre. 
Its specific gravity is 1.77. At common tem- 
peratures it undergoes slow combustion, and is 
luminous in the dark, and gradually consumes. 
At the temperature of 150° it fuses, and is con- 
verted into vapours at 550**; its equivalent is 31, 
and it unites with oxygen in various proportions. 
Two equivalents combine with five equivalents 
of oxygen to form phosphoric acid, in which 
state it is found mineralized with several metals, 
and with lime forms the mineral substance called 
apatite or phosphate of lime; with lime and 
magnesia it forms bone-earth, the residue left 
when bones are calcined. Phosphate of lime is 
essential to the growth of plants and the formation 
of their seeds, and phosphorus is contained in all 
animal substances. Phosphorus in the shape of 
phosphate of lime is extensively difiused, as it 
exists in almost all mineral waters, but is seldom 
found in any considerable masses. 

SILICA. 

This earth, commonly called quartz or flint, is 
composed of one equivalent of an element called 
silicium or silicon 8, and one equivalent of oxy- 
gen 8. It is, perhaps, the most abundant sub- 
stance in nature, as it is the chief ingredient in all 
the older rocks and great mountain masses of the 
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world, and in some instances forms their entire 
bulk ; sea-sand almost entirely consists of it, and 
it composes, in a more or less finely divided state, 
more than three-fourths of all fertile soils. 

We have a pure specimen of silica in rock 
crystal ; and the glasses of the best spectacles are 
formed from pebbles of the same substance. From 
the tendency of silica to unite with alkalies by 
fusion, and even in a state of minute division when 
the alkali is dissolved in water, it has been ranked 
among the acids, and called silicic acid^ and such 
combinations, silicates. It is likewise soluble in 
water containing carbonic acid, by the iiction of 
which, as well as of potash, it is thus rendered 
capable of being taken up by the roots of plants. 
Most mineral waters contain silica in solution, and 
the hot springs of Iceland deposit it in large quan- 
tities upon their margins. It forms the principal 
part of a great variety of mineral substances, and 
the ores of metals. Fused in certain proportions 
with soda or potash, it forms glass ; and united 
with alumina, it constitutes the larger portion of 
porcelain, and all potters' clays and brick-earth. 

ALUMINA. 

This substance is the plastic principle of all 
clays, and^ next to silica, is the most abundant 
earth in nature, as it enters largely into the com- 
position of most of the strata, as well as the older 
and igneous rocks. Pure alumina has such a 
powerful aflSnity for water, that it retains half its 
weight of water at the temperature of 60° Fahren- 
heit. Though alumina is never found in a state 
of absolute punty m xkaXASit^^lW^^ beautiful gems, 
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the ruby and the sapphire, consist almost entirely 
of it, in a crystalline form. It forms the principal 
base of the well-known salt called alum, from a 
solution of which it may be separated in a pure 
state by an alkali which causes it to precipitate. 
Alumina is the ductile ingredient of potters' clay, 
and it forms an indispensable part of all fertile 
soils, as the means of retaining water and the other 
fertilizing substances they require. Alumina con- 
sists of a metallic element called aluminum, or 
aluminium, and oxygen ; but some doubt exists as 
to its combining proportion, or equivalent number. 
Dr. Henry states it to be 10, but according to the 
late Dr. Turner, it is 13.5 ; and 2 equivalents of 
aluminum unite with 3 of oxygen to form alumina. 

LIME. 

This caustic substance is composed of a base 
called calcium, whose equivalent is 20, and one 
equivalent of oxygen 8 ; its equivalent number is 
therefore 28. United with one equivalent of car- 
bonic acid 22, it forms carbonate of lime or lime- 
stone, of which the purest specimens are calcareous 
spar and statuary marble. With greater or less 
degrees of impurity, it constitutes extensive rocks 
in every part of the world, but is most prevalent, 
as we have seen, in the newer portion of the 
secondary strata, or, to speak more precisely, from 
the old red sandstone, or Devonian system, up- 
wards. The rocks of the latter system, the 
mountain limestone, and the vast mass of the 
chalk formation, are almost pure carbonate of 
lime, while the lias, the oolites, and the limestone 
of the tertiary strata are more or less mingled with 
sandy and clayey impurities. All the coral rodcs 
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now in the course of formation are likewise 
composed of the same substance. The highly 

.crystalline limestones or marbles are metamor- 
phic rocks, which have assumed their crystaUine 
form from the action of heat, of which some 
striking proofs have been already stated. Besides 
the great masses of lime above mentioned, lime 

' is extensively diffused, and is chemically combined 
in various proportions with the materials of many 
of the oldest stratified, and unstratified, or igneous 
rocks. When the purest limestone is burnt in 
kilns mingled with coals or other fuel, its carbonic 
acid is expelled in the form of gas, by which it 
loses 44 per cent, of its weight, and impure lime- 
stones, of course, lose less in proportion to the 
quantity of other matter they contain. Quick- 
lime has a strong aflSnity for water, and when ex- 
posed, even under cover, attracts it from the 
atmosphere, and crumbles down, forming what is 
called slacked lime, and by the chemists hydrate of 
lime. It is then a perfectly dry powder, although 
it contains nine parts in thirty-seven of water. 
In other words, one equivalent of quick lime 
28, unites with one equivalent of water 9, to 
form hydrate of lime. By a still further exposure 
and for a longer period of time, the lime attracts 
carbonic acid from the atmosphere, which dis- 
places the water, and renders the lime again mild, 
thus restoring it to its original condition as a car- 
bonate of lime. Lime is the most eflScient in- 
gredient in mortar and architectural cements. 
When mixed with sand and water, in process of 
time, it consolidates and forms a hard stony 
mass, which is owing to two causes, the union of 

carbonic acid v?it\i me^tsi^^ ^ti4 a combination of 
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a portion of the latter with silica. So that the 
luurd dry mortar of old buildings, which has often 
more cohesion than the stone or bricks, consists of 
a mixture of carbonate and silicate of lime. Lime 
unites with both mineral and other acids to form 
salts: thus with sulphuric acid it forms sulphate of 
lime ; with nitric acid, nitrate of lime ; with phos- 
phoric acid, phosphate of lime, or bone- earth; with 
acetic acid (vinegar) it forms acetate of lime, &c. 
From its powerful affinity for water, and the 
elements of carbonic acid, it is a powerful de- 
stroyer or decomposer of organic substances. 

MAGNESIA. 

This is a caustic earth, which, like lime and 
other earths, when pure is perfectly white. It is 
composed of one equivalent of a malleable metal 
called magnesium, whose combining number is 12, 
and one equivalent of oxygen 8. United with 
one equivalent of carbonic acid, it forms carbonate 
of magnesia, in which state it is associated with 
carbonate of lime in magnesian limestone. It 
also enters into the composition of various 
minerals. 

POTASH. 

This well-known alkali was decomposed by the 
late Sir H. Davy, and found to consist of a bril- 
liant, light, and highly inflammable metal called 
potassium, united with oxygen, for which it has so 
powerful an affinity, that upon being thrown into 
water, the latter is instantly decomposed with 
intense light and heat. The equivalent number 
of potassium is 40, and it unites with one equiva- 
lent of oxygen 8, to form potash. 
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Potash 18 a constant ingredient of the mineral 
called felspar, of which it generally forms about 
14 percent. ; it therefore constitutes a part of many 
of the older rocks, but more particularly of granite. 
It is a necessary ingredient of all fertile soils, and 
is found in the ashes of almost all plants, from 
which it is separated by lixiviation for the purposes 
of the arts, in which it is principally employed in 
the manufacture of soap and glass, and by the 
chemists is used as a flux. Potash has a powerful 
affinity for most acids, with which it forms salts ; 
and its attraction for water is so intense, that it 
retains a considerable portion at a white heat. It 
is found in a great variety of minerals. The potash 
of commerce is combined with carbonic acid, and 
is called carbonate of potash. By the chemists 
the pure alkali is called potassa, 

SODA. 

This alkali is also an ingredient of some of the 
igneous and older rocks, and forms from 10 to 14 
per cent, of that called compact felspar, and is also 
found in many other mineral substances. As it 
is the basis of common salt, it is one of the most 
abundant substances in nature, forming not only 
the principal part of sea-salt, but also that of 
extensive rocks beneath the surface of the earth, 
and even, in many places, considerable hilly ranges. 
Soda consists of 1 atom of a soft and shining metal 
called sodium, whose equivalent number is 24 
united with 1 atom of oxygen 8. Chemistry is 
indebted to Sir H. Davy for the decomposition of 
this substance also, as well as that of all the earths 
previously mentioned. Until lately, comn^on salt 
was considered to \ie ^ ^QrccWL\!ka.t\on of muriatic 
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acid with soda, but it is in reality a chloride of 
sodium, as before stated under the head of chlorine ; 
and it is only when dissolved in water that it be- 
comes, by the decomposition of the latter, a mu- 
riate of soda. This substance is much more 
extensively used in the manufacture both of glass 
and soap than potash, for which purposes it was 
formerly obtained from the ashes of the salsola and 
kelp, but is now produced in vast quantities, and 
at much less expense, by decomposing common 
salt, which is effected in large manufactories. 
Soda, like potash, forms with acids a great variety 
of salts, of which Glauber salts (sulphate of soda) 
is a familiar instance. It is an essential ingredient 
in all fertile soils, and is always found in the ashes 
of plants. The soda of the shops is a carbonate, 
united with a large portion of water. 

IRON. 

This metal is of almost universal prevalence, as 
it is found in a mineral state in every part of the 
world. In many countries, vast mountain masses 
are entirely formed of its ores, in which it exists as 
an oxide, that is, united with oxygen, though of 
various degrees of purity. The purest kind is 
called magnetic iron ore, from which the superior 
Swedish iron is produced. The greater part of 
the iron produced in England is obtained from the 
clay ironstone of the coal measures, in which the 
metal is mineralized with carbon, sulphur, silica, 
and alumina, from which it is separated by fluxing 
the ore in furnaces with lime and coal. 

The equivalent number of iron is 28, and it 
unites with 1 equivalent of oxygen to form the 
black oxide, and 3 equivalents of oxygen unite 
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with 2 of iron to form the red oxide^ in ^ 
state it forms the colouring matter of almc 
soils and rock, most of which without its pre 
would be entirely white. In its oxidised sit 
exists in all plants that serve to sustain ani 
and their existence every moment depends 
its presence in the blood, in which it serves i 
vehicle of oxygen to every part of the anima 
tern. The oxide of iron forms numerous salt: 
acids^ and imparts a variety of beautiful colo 
minerals. Iron is at once the most genersJl 
fused^ and the most truly valuable of all mel 



1. Elephas antiquus, or Mammoth, found abundantly in the gravels ( 

and other places. 

2. Megatherium found in the river Luxan, near Buenos Ayre 

America. 

3. Cervus giganteus, from the bogs of Ireland. 

4. Mastodon giganteus, found in considerable numbers in North Am 

5. Palaeotherium magnum, restored from its bones, found in the 

beds of Paris, belonging to the Tertiary strata. 

6. Megatherium restored. 

7. Dinotherium giganteum, found abundantly in the Miocene o 

Tertiary Strata, at Eppelsheim, Hesse Darmstadt. 
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FOSSIL SAURIANS FROM THE LIAS FORMATION. 

1 . An Ichthyosaurus communis. 

2. The same, with the fleshy corering restored. 

3. A PlesiosauTua from the Lias. 
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A GLOSSARY, 



tbplaining the terms which generally occur in geological toorks^ 
and the nature and composition of the principal mineral 
substances. 



-Jigaie. — A siliceous or flinty mineral^ which is considered a 
compound of many others^ in which chalcedony mostly pre- 
vails over other ingredients, which consist of amethyst, 
quartz, cornelian, jasper, and opal. The varieties are ribbon 
agate, brecciated agate, fortification agate, from its resembling 
fortifications ; mocha stone, moss agate. 

JLlahaater, — Compact gypsum, or sulphate of lime, which occurs 
extensively in the new red sandstone of England. There 
is another kind brought from Italy, which consists of a veiy 
pure carbonate of lime. 

JLIhite. — Also called Cleavelandite, a siliceous compact felspar, 
generally of a grey or greyish white colour, and consisting 
of silex 70*7, alumina 19*8, soda 9'0, lime 0*2, oxide of 
manganese 0*1. 

Alkalies. — Mineral substances which serve as bases to form salts 
with acids ; soda and potash are such alkalies. 

Alkaline j^arf^.— Earths which have the nature of alkalies, such 
as lime and magnesia. 

AUvmum. — Earth, sand, gravel, and other transported matter 
deposited by running water in valleys and estuaries. 

Alum, — A double salt, the sulphate of alumina and potash, the 
crystals of which contain nearly 50 per cent, of water. 

Alum Shale.— k shale from which alum is made. The slate 
clay of the lias affords a shale of this kind on the coast of 
Yorkshire, near Whitby. 

Alum Stone. — A mineral of a greyish white colour, and occasion- 
ally red. It occurs both massive and crystalline. Analysis, 
by Vauquelin : — Alumina 43*92, silex 24*00, sulphuric acid 
25*00, potash 3*08, water 400 

Alumina. — The plastic principle of clay, consisting of aluminum 
12, oxygen 8. 

AmMgam Nalive. — A mineral which occurs in a semifluid state, 
but sometimes massive or crystalline ; it consists of 64 mer- 
cury, and 36 silver. 
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Amazon Stone. — A variety of felspar of a green colour. 

Amethyst. — A violet-coloured quartz. 

Ammonia. — A compound of nitrogen and hydrogen; 1 equi- 
valent nitrogen 14, 3 equivalents hydrogen 3. 

Ammonites — The fossil shells of extinct spiral-chambered shell 
fish, of which there are many varieties, very abundant in the 
newer secondary strata. 

Am>orphous. — A term applied to shapeless minerals. 

Amygdaloid. — A trap rock, often called toad-stone from its 
spotted appearance, resembling almonds. 

Analysis. — The chemical operation by which a compound sub- 
stance is separated into its constituent parts. 

Anhydrous.— ^iner&la containing no water are called anhydrous. 

Anthrojcite. — A non-bituminous coal of metallic lustre, which 
occurs both metallic and slaty, called also glance coal and 
culm. It is found in Staflfordshire, South Wales, Scotland, 
and Kilkenny, Ireland. It bums without flame or odour, 
and consists of carbon 72*05, silex 13*19, alumina 3*29, 
oxide of iron 3*47. It is used for burning lime, and drying 
malt, &c. 

A nticlinal axis. — When the strata are raised so as to form a ridge 
of hills or mountains, the line traversing the centre through 
the whole length is called its anticlinal axis. 

Antimony. — A metal of a silvery white colour, and very brittle, 
whose specific gravity is about 6*7. It occurs principally as 
a sulphuret, that is, mineralized with sulphur, in which state 
it is of a light lead grey colour. When purified it is called 
regulus of antimony. It is much used in the arts and in 
medicine. 3 parts lead and 1 of antimony form the metal 
used for types. 

Apatite. — Mineral phosphate of lime. It is of various colours, 
white, yellowish white, green, blue, and red. It occurs both 
massive and in six-sided crystals ; when massive it is called 
phosphorate. It is found in the crevices of slate rocks, and 
in the South of Spain in considerable masses, which accord- 
ing to Klaproth consists of lime 54*28, phosphorus 45*72. 
It is the principal ingredient in bone earth. 

Arenaceous. — Sandy, consisting of sand ; from arena, sand. 

A rgillaceous. — Composed of clay. 

A rgillo-FerruginousLimestone. — Those peculiar limestones which 
are called cement stones or hydraulic limestones, of which 
the cement stones of the London ^lay, and Aberthaw, and 
other lias limestones, are specimens. They consist of vari- 
ous proportions of carbonate of lime, alumina and silex, 
oxide of iron and water. The nodules found in the London 
clay form the beat c^meiLt found in England. A variety 
called calp, Va compo^^^^ oS. ^-axXi^si^Kfo ^\>ms\& ^S^ ailex 18, 
alumina 7 '5, oxide oiitoTi^,<!»x\iOTiwA\K\smi^^%^N^ 
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Arragonite. — A variety of carbonate of lime, so called from 

Arragon, in Spain. 
Arsenic, — This metal occurs, native or pure, as a sulphuret, and 
as an oxide. Native arsenic is of a grey lead colour inclining 
to white, exceedingly brittle, specific gravity 5*88. The 
oxide of arsenic is of a pure white, and is the very poisonous 
substance known by that name, and called by chemists 
arsenious acid. Arsenic is found combined with the ores 
of various metals, and particularly with that of cobalt, from 
which it is usually obtained by sublimation. Its combining 
proportion is 37. It is used to form alloys with other metals, 
to which it imparts hardness ; one tenth of it in copper pro- 
duces an alloy of silvery whiteness. There are two sulphurets 
of arsenic, one called realgar, which is of a brilliant red or 
scarlet colour, and another called orpiment, of a bright yel- 
low. The first consists of arsenic 69, sulphur 31 ; and the 
second, arsenic 62, sulphur 38. 

Asbestos. — A siliceous mineral, extremely difficult of fusion, 
some species of which are fibrous, and so flexible as to allow 
of being spun and formed into a web like cloth. Its specific 
gravity is about 3, and it consists of silica 59, alumina 3, 
Ume 9, magnesia 29. The varieties are called amianthus, 
mountain cork, and mountain leather. 

Asphcdte. — A compact bitumen found in various parts of the 
world ; in France, Neufchatel, the Dead Sea, Barbadoes, 
and Trinidad. In the latter island is a lake of it, the thick- 
ness of which is unknown. It is of a brownish black colour, 
and shining resinous lustre. It consists principally of bitu- 
minous oil, hydrogen and charcoal, and when burnt leaves 
a small quantity of ashes. 

Augite, or Pyroxene. — A mineral found in volcanic products, and 
what are called igneous rocks, of a green, or brown, or brown- 
ish black colour. There are several varieties, which are 
variously compounded. A black specimen analysed by Kla- 
proth gave the following : — Silex 58, alumina 5, lime 24, 
magnesia 8*75, oxide of iron 12, manganese 1. It fuses 
easily into a dark coloured glass. It is found in the basalt 
rocks of Teesdale, in the trap rocks round Edinburgh, and 
in the Orkneys and Hebrides. 

Barytes.— A pondeiovLS mineral which occurs massive and crystal- 
lized, and both as a carbonate and sulphate. The crystals of 
carbonate of barytes are six-sided, whitish or grey, and green- 
ish white; specific gravity 4-3; composition, barytes 78, 
carbonic acid 22. It melts with great heat into a white 
enamel. It is found abundantly in the lead mines of the north 
of England, and in Shropshire, and Flintshire. 

The sulphate of barytes, called heavy spar, is found also both. 
maaaiYe and ciystaUized; ita Bpeci\&.<i^cw\V3>Vl\ wA*^ 
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conBists of baryteB 67, salphuric acid 33. It melts before 
the blowpipe into a white enamel. It occurs in the mines of 
Cornwall, at Matlock in Derbyshire, at Nntfield, Surrey, in 
the limestone of Babbicombe in Devon, in a lead mine in Ayr- 
shire, and in the granite of Ireland. There are many foreign 
varieties of this mineral. Barytes is called by the chemists 
an {dkaline earth ; its equivalent number is 76, and it con- 
sists of barium 68, and oxygen 8. 

BaacUt. — A trap rock of nearly a black colour and very firm tex- 
ture ; it is composed of two principal minerals, felspar and 
augite ; its specific gravity is 3 ; composition, silex 44*5, 
alumina 16*75, lime 9*5, magnesia 2*25, soda 2*6, oxide of 
iron 20, oxide of manganese 0.12, water 2. It is found tra- 
versing in dykes the strata of sandstone, the coal measures, 
and most of the secondary rocks in England ; it occurs also 
extensively in the south of Scotland and in Ireland. It is 
both amorphous and columnar, and in the latter state forms 
part of the Salisbury Crags at Edinbui^gh, and the Giants' 
Causeway in Ireland, and Fingal's Cave in the Island of 
Staffa. Decomposed basalt, called tarras, is used as a cement 

Basiut in geology, is a term used to express a hollow, in which 
strata are deposited, such as the chalk basins of London and 
Paris. 

Belemnite. — An extinct genus of molluscous animals, with a long, 
straight, and chambered shell, pointed at the end, abound- 
ing in the oolites. 

Beryl, or Aquamarine, — A crystallized siliceous mineral, of a yel- 
low, green, or blue colour. It occurs in granite and in primi- 
tive rocks, in Einloch, Ramoch, and Cairn Gorm, Aberdeen- 
shire ; mountains of Dundrum, County of Dublin, and Wick- 
low, Ireland. It is considered a species of emerald Its com- 
position is stated by Vauquelin to be, silex 68, glucine li, 
alumina 15, lime 2, oxide of iron 1. Specific gravity 2*67. 

BismtUh. — This metal occurs native, and also as a sulphoret, 
oxide, and carbonate. Native bismuth is of a silvery white 
tinged with red, easily melts in the flame of a candle, and 
with a stronger heat volatilizes as a white powder. Specific 
gravity 9. It occurs with ores of cobalt and nickel in pri- 
mitive rocks, in several mines of Cornwall, as do also the 
several ores above mentioned. An alloy of 8 parts of bis- 
muth, 5 of lead, and 3 of tin, fuses at 212^ Fidir. The equi- 
valent of bismuth is 71. 

Bitumen. — Mineral pitch, a blackish brown inflammable sub- 
stance, which burns with a bright flame, and agreeable bitu- 
minous odour, depositing much soot. 

Biiuminiyaa Shale. — A. c\«bj impregnated with bitumen, often 

occurring in co«\ "rnVna*. 
Blende, — ^SulpVmiet oi iwaft oecs«^ <^xi^\a2^)ax^^ wA vss^^t^$&ssq&.\ 
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colour various, brown or yellow, yellowish, reddish, red, and 
blackish red. Specific gravity 4; composition, zinc 68*48, 
sulphur 23*16, iron 8*08. Infusible before the blowpipe. 
Blende Coal, — See Anthracite. 

Borax. — Occurs in prismatic crystals of a whitish colour varying 
with a tinge of blue or green, and consists of boracic acid 
86, soda 17, water 47 ; found chiefly in Thibet, also Ceylon, 
Tartary, Lower Saxony, and Potosi in Peru. Borax is exten- 
sively used in the arts as a flux, particularly in soldering. 
Boron. — ^The basis of boracic acid. 

Boulders. — Large, water-worn, and rounded blocks of stone. 
Breccia. — ^A mass of stone or rock composed of angular frag- 
ments, united by carbonate of lime, often forming a beauti- 
ful marble. 
Calamine, — Carbonate of zinc, the ore of zinc, a greyish or yel- 
lowish mineral. Specific gravity 4*3. Composition of amor- 
phous calamine is 64*8 oxide of zinc, 35*2 carbonic acid. 
CaZcaire Grassier, or Coarse Limestone. — A stratum of limestone 

in the Paris Basin. 
Calcareous. — Consisting of carbonate of lime. 
Calcareous Rock. — Limestone, marble. 
Calcareous Spar. — Crystals of carbonate of lime. 
Calcination. — The burning of earthy substances, as the burning 

of limestone. 
Carbon. — The solid inflammable substance of coal and wood. 
Charcoal and lamp-black are specimens of impure carbon ; 
it exists in a state of the greatest purity in the diamond. 
Carbonate of Lime, — The earthy salt composed of carbonic acid 
and lime, of which statuary marble is nearly a pure speci- 
men. 1 atom of lime 28, and 1 atom of carbonic acid 22. 
Carbonic Add Oas. — The gas formed by the combustion of 
carbon, by the fermentation of beer, and the burning of 
lime. 
Carboniferous. — A term now generally applied to those rocks 
supporting the coal measures, particularly the mountain 
limestone which usually supports them. 
Cataclysm. — A deluge. 

Cerium. — A rare metal, but very little known with certainty. 
Chalcedony. — A siliceous mineral resembling common flint. 
Chalk. — An extensive formation of carbonate of lime, the upper- 
most of the secondary rocks. It consists principally of car- 
bonate of lime, containing numerous fossils. The upper beds 
are soft, and contain bands of flints ; the middle beds are 
harder, with few or no flints ; and the lowermost bed con- 
tains a considerable portion of clay, and assumes the charac- 
ter of a marie stone. 
Chert. — A flint stone which occurs in beds in. the ^*ee&.-«^^*l^ 
FolkatoDe, the Isle of Wight, «nA t\ie'B\M3t\iQ^reL^^.'^'a^'^^- 
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get and Devon ; also in nodules and beds in the mountain 
limestone of Derbyshire. 

Cldorides. — Compounds formed by the union of chlorine with 
metals and other substances. Common salt is a chloride of 
sodium. 

Chlorine. — One of the elements of muriatic acid, of which hydro- 
gen is the other. Its equivalent is 36, in which proportion 
it unites with metals and other substances to form chlorides. 
In its gaseous state it is a suffocating and offensive gas. 

Chlorite. — This mineral occurs crystallized, compact, slaty, and 
earthy. It is usually of a dark green colour, and sometimes 
of a yellowish green. It is found in primitive mountains. 
Compact chlorite traverses in veins the clay slate of Arran 
and Bute in Scotland. The composition is, silex 26, alumina 
8*5, magnesia 8, oxide of iron 43, muriate of soda 2. It 
occurs in the tin mines of Cornwall, and is the mineral 
which stains blue slates in spots and veins. 

Chromium. — A metal remarkable for the beautiful colours pro- 
duced by its various compounds. It is found mineralized 
with iron, as a chromate of iron. Its preparations are ex- 
tensively used in painting and dyeing. Its equivalent is 28, 
and with 3 equivalents of oxygen it forms chromic acid. 
The principal colours of its compounds are red, green, and 
yellow, all very beautiful. 

Clay. — A compound earth, consisting chiefly of alumina and 
silica, in a state of intimate mixture, often containing car- 
bonate of lime and magnesia. In the purest clays, such as 
the pipe-clay and porcelain clay, the silica is at least equal to 
alumina or plastic principle ; and in the coarse kinds, such as 
are used for common pottery and the making of bricks, the 
silica is in excess, and much of it in the state of sand of 
different degrees of fineness. The common impure clays 
contain oxide of iron, to which they owe their brown and 
red colour. In their indurated state clays form those hard 
beds called shales, which constitute a large portion of the 
coal measures. Those clays in which carbonate of lime 
much abounds are called marles. 

Clay Slate. — A primary rock which appears to have been formed 
from clay, and has since undergone an extreme degree of 
induration. 

Clinkstone or Phonolite. — A felspathic trap rock, which is sono- 
rous when smartly struck. 

Coal. — Of this mineral there are many different kinds, which, 
however they may vary in external properties, appear to be 
of vegetable origin. For some time this was a much dis- 
puted point, "b\i\i T^cetA. \TVN«a.t\^a.tion8 by the microscope 
having revealed \\a oi^mfi %\x\5lsXn«^ Viw^ Tva Voui^er any 
doubt on the a\x\>iecV.. \>t.^\iOTi'^^^V^^^^s^«a!^^ 
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differcQt kinds, of which he has given the following analysis. 
The more obvious difference in the several kinds consists in 
the degree of hardness and the manner in which they bum. 
The Newcastle coals, and some of those of Yorkshire and 
Somerset, undergo a soii; of semifusion in the fire, and are 
called caking coal ; while others, as those of Shropshire and 
Staffordshire, burn away with a lively flame, and without 
adhering. The Cannel coal is remarkable for clean even 
fracture, for not soiling the fingers when handled, and for 
burning with a bright flame. It is found at Preston in 
Lancashire, and near Newcastle ; at the Clee Hill, Shropshire, 
and near Edinburgh. Cannel coal receives a good polish, 
and is formed into snuff-boxes and other articles. 

Carbon. Hydrogen. Nitrogen. OzygeB* 

Newcastle or caking coal . . . 75*28 4-18 15*96 4*58 

Splint, or brown hard coal from 
Glasgow, used for making coke and 
smelting iron 75*00 6*27 6*25 12*05 

Cherry or sift coal from Glasgow, 
of the same kind as the Staiford- 
shirecoal 74*45 12*40 10-22 2*93 

Cannel coal 64*72 21*56 10*72 

In these analyses the inorganic matter or ashes are not 
mentioned, but they are known to differ very much in 
quality, from 1 to 12 per cent., the Newcastle coals contain- 
ing the least of any. 

Coaly Bovey, or Lignite, or Brown Coal. — This coal occurs at 
Bovey Tracey in Devonshire, where it forms six beds, inter- 
stratified with clay. It is of a brown colour, and exhibits 
more or less the structure of wood : it also occurs in Fife 
and Midlothian, Scotland. It bums with much smoke, 
resembling in smell that from peat. It belongs to the 
tertiary deposits, and is found in Germany, and France, 
and moRt other European countries. At Mansfeldt in 
Thuringia, and in the circles of Saal and Leipsic, are beds 
of from 20 to 40 feet thick, and of several miles in extent. 

Coal Formation. — Strata containing coal, chiefly consisting of 
sands and shales, and sometimes limestone. 

Coal Glance. See Anthracite. 

Cobalt. — A brittle metal of a reddish grey colour and metallic 
lustre. Its specific gravity is 7*834. It is generally found 
mineralized either with arsenic or sulphur, but chiefly with 
the former. From this is formed the impure oxide of cobalt, 
the zaffre of commerce, which when melted with 3 parts of 
acid and 1 of potash and afterwards ground very fine, pro- 
duces the blue powder called smaltz, employed to give a blue 
tint to paper and linen, and for palntin^g ^oi:<:aI«\\s.,&<^. ^^<^ 
ores of Cobalt occur in primary and ^eaow^L'^TS ti^qxsg^s^^^s^* 
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Combustion. — ^The violent chemical action called burning, by 
which the elements of the burning substance are not de- 
stroyed, but enter into combination with oxygen. 

Compact. — A term applied to minerals or stones, which present 
no appearance of crystals ; thus common limestone is called 
compact limestone, to distinguish it from marble, which is 
a crystalline limestone. 

Conformable. — A term applied to the strata when they lie evenly 
upon one another, as opposed to such as rest upon the broken 
edges or sloping i:urfaces of those beneath. 

Conglomeraie, or Pudding Stone. — Pebbles, or rounded frag- 
ments of rock, cemented together by stony matter, which 
sometimes forms immense masses. 

Copper is a red, ductile, and malleable metal of great tenacity, 
whose specific gravity is 8*667 ; it undergoes but little change 
in a dry air, but with moisture becomes oxidized, and is con- 
verted into the green substance called carbonate of oxide of 

• copper ; at a red heat it is converted into a black oxide. 
The ores of copper are numerous, but the most abundant ore 
is the sulphuret of copper and iron, which is extensively 
raised from the mines of Cornwall. It is frequently found 
native in large irregular masses. 

Phillips gives the following analysis of the crystallized 
yellow copper ore (copper and iron pyrites) of Cornwall. 
Copper 3010, iron 3210, sulphur 36 16, earthy matter 050, 
lead, arsenic, and loss 2 14. The ordinary ore is much mixed 
with quartz, from which it is separated by stamping and 
washing. The separation of the copper from the ore is an 
operation of great skill and expense. 

Copper ore is found in great abundance in many other 
countries of Europe, South America, Japan, and recently in 
South Australia. At no very remote period the Cornish 
miners in search of tin, threw aside the copper ore from 
ignorance of its value. 

Coprolite.— The petrified dung of Saurian animals, found abun- 
dantly in the lias formation at Lyme Regis, and recently in 
the green-sand of Kent and Sussex. It principally consists 
of phosphate of lime. 

Combra^h. — An imperfect rubbly limestone of the Oolitic series. 

Cornstone. — A red limestone of the old red sandstone, or Devo- 
nian system. 

Corundum. — An exceedingly hard and ponderous crystallized 
mineral ; specific gravity about 4, of which the sapphire and 
ruby are beautiful specimens. According to KlaprotJbi's ana- 
lysis, the sapphire consists of alumina 98*5, lime 0*5, oxide of 
iron 1 ; and accoidm^ \» Ci\i«ivwlx the analysis of the ruhy 
glTes alumina 90, wlcx*! , «xA^ ^WxqtslV^^ ^vsoss^^tl corun- 
dum aad emery wre ol ^en ««fiSN»jt <i«iB:^>i«ks«i. 
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Cosmogony, — A word signifying the theory or speculation re- 
specting the formation of the earth. 

Cotham Marble, — ^A lias limestone, which, when polished, ex- 
hibits the appearance of trees and landscapes. 

Crag. — The uppermost of the English tertiary strata on the 
coast of Norfolk and Suffolk, provincially so called. 

Craier, — The circular hollow at the summit of a volcanic moun- 
tain, from which the burning matter is ejected. 

Cretaceous. — Chalky, consisting of chalk. 

Crop otU. — A miners' term, signifying the appearance of the edge 
of an inclined stratum at the surface. 

CryataUine. — That structure of mineral bodies produced by an 
assemblage of minute crystals, as in statuary marble and 
alabaster. 

Crystallization. — That chemical action by which salts and other 
crystallizable substances assume a regular geometrical form, 
each particular salt or substance taking a constant, peculiar, 
and definite shape, by which it is externally distinguished 
from others. 

Debacle. — A gush of waters through their confining banks, bear- 
ing along the confused materials of the obstacles which op- 
posed their progress. 

Delias. — The silty and sandy deposits at the mouths of great 
rivers, forming extensive tracts of land of many hundred 
square miles, as those of the Nile, Ganges, Niger, Missis- 
sippi, &c. 

Diamond. — The hardest of all known substances. Diamonds are 
always found in detached crystals, and are either colourless, or 
of a yellowish, bluish green, different shades of brown, blue, 
or red colour. They are composed entirely of carbon, and are 
dissipated by burning, by which they are converted into car- 
bonic acid. Specific gravity 3*5. Diamonds are chiefly 
found in India, and the most productive mines are those of 
Golconda and Masulipatam. They are also obtained in Borneo 
and Brazil, where, as well as in India, they are found in 
beds of ferruginous sand and gravel. The diamonds ob- 
tained at Pastael, near Golconda, at the foot of the Ghaut 
mountains, are the most prized. These mines are situated 
at the conflux of two rivers, and have produced the most 
celebrated diamonds, amongst others the remarkable Pitt or 
Begent diamond, the finest of the crown jewels of France, 
weighing nearly an ounce, which was purchased for 2,500,000 
francs, or nearly 100,000Z. One of the largest known dia- 
monds was in the possession of the late Empress of Russia, 
which was of the size of a pigeon's egg, and weighed nearly 
1 ounce and a third ; but a still larger was in the possession 
of the Biya of Mattan, which weighed 2 ounces and 169 
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grains, and is said to be of the finest water, and for which 
Mr. Stewart offered an immense sum in vain. 

Diluvium. — A term commonly given to ancient beds of gravel 
or drift, which often extensively cover the regular strata in 
wide valleys and plains, and also are found on high ground 
and the summits of hills. 

Dip. — The inclination of strata from the horizontal line. 

Dolerite. — A variety of trap rock composed of augite and felspar. 

Dolomite. — A mineral resembling primitive limestone, but is 
much softer. It is generally white, with a tinge of yellow 
or grey. Consists of carbonate of lime and magnesia. 
That of the Apennines consists of 59 carbonate of lime, and 
40 carbonate of magnesia, with a variable portion of iron. 
It occurs in the south-west of lona, one of the Western Isles, 
where it is 40 feet wide, between vertical walls of hom- 
blende rock. There is another variety called compact dolo- 
mite, which is of a snow-white colour, and consists of car- 
bonate of lime 70*50, carbonate of magnesia 29*50. 

Dunes or Downs. — Low hills of sand which in many places are 
blown up from the sea-shore, as at St. Ives' Bay, and Perran- 
zabulo, in Cornwall. 

Dykes. — Veins or masses of trap rocks which have penetrated 
the softer strata, and sometimes rise above them like a wall, 
and are called dykes from a provincial term for a wall. 

Emerald. — A gem of a beautiful green colour, often of great 
intensity, harder than quartz, and much resembling the ^ryl, 
though less hard. Its analysis by Vauquelin gives silex 64*5, 
alumina 16, glucine 13, lime 1*6, and oxide of chrome 3*25, 
to which latter substance it is supposed to owe its colour. 
The finest emeralds are found in Peru, at Tunca or Santa F6. 
A beautiful specimen of emeralds was presented to the 
Church of Loretto by one of the Spanish kings ,* it consists 
of a mass of white quartz interspersed with emeralds, of 
more than an inch in diameter. 

Emery. — An extremely hard mineral, considered to be a variety 
of corundum, which it resembles in composition : its specific 
gravity is 3*66. Analysis by Tennant : alumina 86-5, silica 
3*6, oxide of iron 4. It is said to be found sparingly in 
a ravine in Glenmalur, Wicklow, Ireland ; but commerce is 
supplied from Smyrna and Naxos. 

Eocene. — The lowest or first of the tertiary strata, so called by 
Sir Chas. Lyell, and represented in England by the London 
clay. 

Escarpment. — The abrupt and steep slope or ridge of a hill. 

Estuaries. — The tideways of rivers, and other inlets of the sea. 
Fault — A term nsed by "miners for those dislocations of the 
strata often fowud m TSi\Tie&, \ii Vw^jSa. NJstf&t <s«iitinuity is 
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broken^ and by which the strata is depressed or raised : 
often the cause of great embarrassment to miners, as these 
displacements sometimes amount to many hundred feet. 

Felspar. — A very abundant glassy mineral, constituting a large 
portion of all granites and gneiss rocks and some trap rocks ; 
it is of various colours, white, yellowish green, and red. In 
granite its crystals are generally evenly blended with those 
of quartz and mica, but is sometimes large and two or three 
inches long, as in that of Heytor, Devonshire, used for the 
basements of houses in London, and in the construction of 
London Bridge. Its specific gravity is 2*54 ; composition, 
silex 62-83, alumina 17*02, lime 3*0, potash 130, oxide of 
iron 1. There are several varieties, but they are all nearly 
of the same composition. It fuses with borax into a semi- 
transparent glass. 

Felspar, Compact, See Albite. 

Flint. — A siliceous mineral, found in great abundance in the 
upper stratum of chalk, generally of a blackish colour, but 
sometimes yellow or greyish. Harder than common quartz, 
admits of easy cleavage in any direction. Specific gravity 
2*594 ; and consists of silex 98, lime 0*5, alumina 0*25, oxide 
of iron 0*25 ; infusible, but whitens when burnt. It is often 
found to enclose fossil sponge and other organic remains. 
Flint constitutes the pebbles of the tertiary strata, which 
forms extensive beaches in the south of England, of which 
the Chesil Bank of Portland is the most remarkable. 

Some flints are of recent origin, and 126 silver coins were 
found imbedded in flints at Grinoe in Denmark, and an iron 
nail at Potsdam in Prussia. 

Fhwr Spar, or Fluoride of Lime, — A mineral generally known 
by the name of Derbyshire Spar. It is sometimes perfectly 
transparent, also white, grey, and various shades of blue, 
green, red, yellow, and purple ; many of the specimens are 
exceedingly beautiful, and are manufactured into various 
ornamental articles. It is harder than calcareous spar ; its 
gravity is about 3, and it is composed of lime 67*76, and 32*25 
fluoric acid ; but the colourless and transparent kinds con- 
sist of lime 72-137, and fluoric acid 27*863. It fuses with 
borax into a transparent glass. Fluoride of lime is also found 
in a compact and earthy state. It is found in abundance in 
the copper mines of Cornwall, and the lead mines of Derby- 
shire and the north of England. 

FluviatUe. — Belonging to rivers ; from fluviust a river. 

Formation, — A group or series of rocks, having some common 
character. 

Fossils, — The remains of plants or animals buried and petrified 
in the earth. 

FvUers' Earth.— K soft earthy jimiei^XjioTm'fcTV^xysfc^^'st^a^^ 
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cloth, but now superseded by soap. CompoBition, silex 53, 
alumina 10, lime 0*5, magnesia 1*25, oxide of iron 9*5, com- 
mon salt 1, water 24. Found at Deptling, Kent, and Old 
Down, near Bath, and Nutfield, in Surrey. 

Fusion, — The melting of mineral substances by heat. 

QaUna. — Sulphuret of lead, the principal ore of lead, of which 
there are many varieties. Galena is of a grey colour and 
brilliant metallic granular structure, easily broken. Dr. 
Thompson giyes the following analysis of a specimen irom 
Durham :>-Lead 8513, sulphur 13*02, and iron 0*50. It 
melts before the blowpipe, emitting a sulphurous odour, 
leaving a metallic globule of lead. It is found in primitiTe 
and secondary mountains. The mines of England are vei)' 
productive. It occurs in the mountain limestone of Northum- 
berland, Durham, Derbyshire, and Flintshire ; in clay slate in 
Cornwall, and Devonshire ; and in schistose rocks in Shrop- 
shire and Wales. In Scotland it is found in granite, gneiss, 
and the sandstones of the coal formation. 

The common galena contains a small quantity of sUver, 
but that termed argentiferous, affords considerable but 
varying quantities ; and one mine called the South Hoo, near 
Beeralstone on the Tamar, lately yielded 135 ounces of pure 
silver per ton. 

Oamet — Under this name are arranged many minerals, consist- 
ing of nearly the same materials, of which the precious 
and common garnet is the principal. 

Precious garnet is of a beautiful red colour of various 
shades, sometimes tinged with yellow or blue. It is a crys- 
talline mineral, harder than quartz, and often transparent 
Specific gravity 4*3 ; and consists of silica 35*75, alumina 
27*25, oxide of iron 36, oxide of manganese 0*25. It is found 
in primitive rocks, chiefly in mica slate. 

Common garnet differs from the precious in not being 
transparent, or only translucent. It is harder than quartz, 
and consists of silica 43, alumina 16, lime 20, oxide of iron 1 6. 
Common garnets are very abundant in the crystalline rocks, 
and are found in Cornwall, Cumberland, Scotland, and Ireland. 

Oavlt, — A provincial term for those beds of clay which separate 
the upper and lower green-sand strata. 

Geognosy. — A word having the same meaning as geology^ or a 
discourse of the earth. 

Glaciers. — Those accumulations of ice and hardened snow which 
occupy the elevated bosoms of lofty mountains, and which 
particularly abound in the Alps. The gradual subsidence 
of these enormous masses has the effect of wearing away the 
rocks over wh\c\i they pass, and producing the immense 
quantity of detTii\is\>TWJL:^\i ^qwdlV^ 'C^^^^^^csk^Mch issue 
from their lower ex\xem\\^«k 
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Olacie. — An easy slope of the earth ; a term taken from the science 
of fortification. 

Glance Goal. — See Coal. 

Oneiss. — A crystalline schistose rock of the primary order, and 
considered to be a sedimentary metamorphic rock, changed 
by the action of heat upon shale or slate. It consists generally 
of the same minerals as granite, namely, quartz, felspar, 
mica, and hornblende in a laminated form and often much 
contorted. 

Oold, — This precious metal occurs massive and crystalline, more 
or less alloyed with other metals, chiefly copper and silver. 
When pure it is soft, malleable, and flexible, and of a pale 
yellow colour, and is very remarkable for resisting oxida- 
tion, or the very weak affinity it has for oxygen. It is 
found in threads, grains, and sometimes in masses of 
several pounds weight; specific gravity 19. It occurs in 
the sands of many rivers, particularly those of Africa 
and America, and has been recently discovered in im- 
mense quantity in the alluvial soils of California. The 
gold mines of La Plata are very numerous, and large quan- 
tities are brought from the Ural mountains in Russia. 
Before the discovery of gold in California, the mines of 
America were computed to aflfbrd 30,000 pounds weight 
annually. Small quantities of gold have been found in the 
alluvial deposits of Cornwall, at Glen Tilt in Scotland, and 
in Wicklow, Ireland, where one mass was discovered which 
weighed 22 ounces. 

Granite. — An unstratified rock, essentially consisting of quartz, 
felspar, and mica or hornblende, confusedly blended and 

' unstratified. It is a hard, igneous rock, and appears to un- 
derlie all oUiers. It however often assumes the character of 
a trap rock, by penetrating, altering, and upheaving the 
incumbent stratified rocks. When the mica is replaced by 
hornblende the rock is called Sienite, from Siene in Upper 
Egypt, where this rock forms the cataracts of the Nile. 
Qranite forms the central part of many ranges of lofty 
mountains, underlying all other rocks and towering above 
them in sharp inaccessible peaks, a character which is 
strikingly exhibited in the Alps. Granite is not abundant 
in England, the principal masses occur in Devon and Corn- 
wall, from Dartmore to the Land's End; the Malvern 
Hills, Worcestershire; Mount Sorrel, Leicestershire; and the 
western part of Cumberland. In Scotland it is more exten- 
Bive,and occupies a large part of Aberdeenshire, with detached 
portions along the range of the Grampians to Loch Etive 
on the western coast, Cairn Gorm forming one of the loftiest 
summits. The finest specimens used for building are brought 
to London from Aberdeen and Pe\jQ;t\i^^. ^TvistXj^ ^&^ 
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occupies a considerable portion of the counties of Wicklow 
and Wexford, in Ireland, extending from the south of the 
bay of Dublin nearly to New Ross, in the latter county. It 
also occurs on the coast of Galway and Donegal on the west 
and north, and of Down on the east, with seyeral detached 
portions. The granite of which Waterloo and London 
Bridges are built, was supplied from Aberdeen, Dartmoor, 
and the west of Cornwall. Gunnis lake, at the extremity of 
the estuary of the Tamar, affords a granite nearly white and 
of beautiful grain. 

Graphite, Plumbago, Black Lead, — This well known mineral 
is a carburet of lead, and consists of carbon 89*9, iron 
9*1 ; its specific gravity is about 2. It is found in primi- 
1 lye rocks, and the most valuable kind occurs in a schistose 
rock in Borrowdale. Cumberland. When heated the 
carbon bums away without smoke, leaving a red oxide of 
iron. 

Oravityy Specific. — The weight of a given volume of a solid, 
fluid, or gas, as compared with some standard. 1,000 
parts by measure of water at 60o Fahr. is the standard for 
fluids and solids ; and 1,000 parts of atmospheric air at the 
same temperature is the standard for gases and vaponrs. 
So that when the specific gravity of a solid is stated at 1,500, 
it is 1|^ times the weight of water ; or as 1,600, it is one and 
six-tenths heavier than water. 

Green Sand. — The stratum of sand between the chalk and the 
wealden formation. 

Green Stone. — One of the trap rocks, composed of hornblende 
and compact felspar, sometimes including other minerals. 
It is of a greenish aspect, sometimes grey or reddish. It 
occurs in most trap countries, as in ComwalL A rock of 
green stone also occurs in Chamwood Forest, Leicest«r^re. 

Greywacke. — A German name for a numerous class of sedimentary 
slaty rocks, now distinguished by English geologists by the 
names Devonian, Silurian, and Cambrian slates. 

Grit. — A sandstone composed of coarse-grained siliceous sand, of 
which we have familiar instances in our common grindstones, 
and in the Yorkshire flagstones in the streets of London, which 
are brought from the millstone grit quarries in Yorkshire. 

Gypsum. — Sulphate of lime, selenite. There are several varieties 
of this mineral. When compact it is called gypsum or plaster 
of Paris, and when crystallized, selenite. Its specific gravity 
is 3; and it consists of lime 32'7> sulphuric acid 46'3, 
water 21. Gypsum occurs abundantly in the red marl of 
Somerset, Nottingham, Derbyshire, aud in the salt deposits 
of CheshiTe*, it is genftrally white with shades of red, brown, 
and yellow, wi^ ol «k «.o^\i ^\Ov^vdl^ \fcTA»x^» The purest 
Bpeclmena are c8\\e^«\"8^i«&\j»,^^<2«i.SA'wt^^^Es^\s^ 
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and other ornaments. When calcined its water is dissipated, 
and being reduced to powder it is then called anhydrous 
gypsum, in which state it is extensively used for the mould- 
ings of ceilings, and to form casts of statuary, as it has the 
property of setting rapidly when mixed with water. Selenite 
or crystallized sulphate of lime, is semi-transparent, and 
formed of extremely thin laminee or plates, which can be 
easily separated with the nail. It occurs in separate crystals 
of various sizes, dispersed in deposits of clay, and abundantly 
in the London clay. 
Hcematites. — Ores of iron (see Iron Ore). 
Heavy Spar. — Sulphate of barytes (see Barytes). 
Hornblende. — This substance occurs crystallized, massive, and 
slaty. The crystallized hornblende is of a dark bottle-green 
colour, approaching to black. Its specific gravity is 3*6, and 
it consists of silex 42, alumina 12, lime 11, magnesia 2'25, 
oxide of iron 80, manganese 0'25, water 0*25. It fuses into a 
black brilliant glass. Hornblende is an abundant mineral in 
the so-called igneous rocks. It occurs in the green stone of 
Cornwall and the basalts of coal formations, in the sienite, 
mica slate of Scotland, and in tho trap rocks of that country. 
Mornstone. — A siliceous stone, much resembling flint. 
Hyacinth. — A precious stone of various shades of red, transparent 
or translucent, and consists of zircon, silex and oxide of iron. 
Hyalite. — A siliceous mineral, consisting of silica 92, water 6 3, 
with a small trace of alumina. It is found on basaltic rocks. 
Hydrates. — Minerals chemically united with water. Many 

minerals contain water in a solid state. 
HyperatTiene. — Labrador hornblende, and of similar composition 

to hornblende. 
Iceland Spar^ or double refracting spar. — A very pure specimen 

of carbonate of lime. 
Irifusory Animalcules. — Microscopic, or very minute living crea- 
tures, found in stagnant or putrid waters. 
Jolite. — A mineral of a purple or bluish violet colour, very hard 
and scratches quartz. Its ^ecific gravity is 2*56, and it is 
composed of silex 42*6, alumina 34*4, lime 1*7, magnesia 
5*8, oxide of iron 1*5, oxide of manganese 1'7. It fuses 
into a transparent glass. 
Iridium. — A rare metal, discovered amongst the ore of platinum ; 
it is found alloyed with osmium. The specific gravity of 
the alloy is 19*5, equal to that of gold. 
Iron Ore. — Iron rarely occurs native, and the meteoric iron 
which approaches nearest in appearance to pure iron, con- 
tains always nickel or cobalt. In combination with oxygen 
or sulphur, however, it is the most abundant of all the 
metals, being almost universally difiiised, as it constitutes 
the colouring matter of all Boi\a, mvA. \& <iWi\«aife^ \bl ^^^ 
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Slants and animals, and is essential to their existence, 
'he ores of iron are numerous, but the most valuable and 
abundant are the following : — ^The red oxide of iron, or red 
Haematite ; the brown oxide, or hydrated peroxide of iron ; 
the black oxide, or magnetic iron ore ; and the clay iron ore, 
which is a carbonate of protoxide of iron mixed with 
siliceous and aluminous earths and other foreign matter. 
The three former are found in primitive strata, and afford 
the superior iron of Sweden and India; the latter is the 
ore from which almost all the British iron is derived, and 
is abundantly found in the secondary strata, but principally 
in the coal measures from which most of the British iron is 
derived. Native meteoric iron has a metallic lustre, is 
malleable, and very tough; specific gravity 7 '40. A speci- 
men found in Siberia contained 1.5 per cent, of nickel; 
another from Mexico conta.ined 3' 25 per cent. ; most of 
those analysed contain more or less of that metal, and some 
contain chrome and cobalt. A large mass of this iron was 
found by Professor Pallas, on the top of a mountain, weigh- 
ing 1,680 Russian pounds, which had all the valuable pro- / 
perties of iron as to malleability, flexibility, &c. A mass 
found in the desert of Sahara, in Africa, yielded 4 per cent 
of nickel. Various specimens of meteoric iron have been 
observed in different countries, but the largest mentioned is 
one found in the Vice-royalty of Peru, in South America, 
which weighed 15 tons. A mass found in Louisiana exceeded 
8,000 pounds weight, and was covered with a black crust A 
mass which was found at Agram, in Austria, was said to have 
been seen to fall from the atmosphere ; and that found by 
Pallas, above mentioned, was also reported by the natives to 
have fallen from the sky. Many interesting observations 
on meteoric stones or aerolites leave little or no doubt that 
all such masses are portions of planetary matter, which 
revolves round the sun like the great masses of the planets, 
and which having come within the sphere of the earth's 
attraction, have been drawn down to it. 

The Red Haematite, or Fibrous Red Iron Ore, is generally 
of a bluish or iron-grey externally, but internally of a red or 
])rownish red colour, with a fibrous texture and metallic lustre. 
It mostly occurs in roundish or globular masses; specific 
gravity 4 7 — 6. A specimen analysed by Daubuisson yielded 
90 per cent, of oxide of iron, 2 silex, 1 lime, and 3 water, 
with a trace of manganese. It occurs abimdantly in Devon- 
shire at Heytor ; in the Forest of Dean, Qloucestershire ; in 
Cumberland ; in Lanarkshire, in veins of sandstone ; and 
in green stone, at ^tvll&bury Crags, Edinburgh. The iron 
obtained fTom \\>, \>Q^ <:!6«^> vsA Ts^»^«si^^^A& of excellent 
quality ; and t'hft \>e«.\. c^jaaSi\K«fe,'WiJsk ^\^"*i«i\s«i\.^»3S.'^Nss;^ 
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are made from it. When this ore is reduced to fine powder 
it is extensively employed in polishing metal. The ore 
obtained in Devonshire is smelted with common clay 
ores in the furnaces of South Wales, and that of Scotland is 
also used mth the ore of the country at the Carron and 
Glasgow Iron works. 

Fibrous Brown Iron Ore, or Brown Haematite, is of a blacker 
brown, and often of a steel-grey colour, finely fibrous and 
sometimes of a silky lustre. It occurs in roundish masses and 
stalactic tubes, and is of brittle texture. Specific gravity 3*7 
to 4'0. Analysis, peroxide of iron 80*25, water 15, silica 3*75, 
according to Vauquelin. It occurs in Bohemia and Saxony, 
where it is extensively wrought. It is also found in the 
mines of Cornwall, in Cumberland, Lanarkshire, Scotland, 
the Shetland Isles, and the Orkneys. It affords harder iron 
than the red ore, and good steel. 

Magnetic Iron Ore.— This ore occurs compact and crystal- 
lized. Its colour is black, with a metallic lustre. Specific 
gravity 4*4; and it consists, according to Berzelius, of 
protoxide of iron 28*14, and peroxide 71*86. It is highly 
magnetic, especially the massive or native loadstone. This 
ore occurs in the parishes of Roach and St. Stephen's, and 
at Trelerwell near Penrhyn in Cornwall, and at Wicklow in 
Ireland. It is found in many primitive countries in beds 
and masses, and associated with hornblende, primitive 
limestone, pyrites, sulphuret of lead, &c. Also in maoy 
countries of the north of Europe, and in great abundance 
and purity at Rosalgen in Sweden, where it is manufactured 
into the best kind of bar-iron, which is extensively imported 
into this country for choice purposes, and the manufacture 
of the best steel. That which exhibits the most powerful 
magnetic properties is found in considerable masses in 
Sweden, Norway, and China. 

Clay Iron-stone. — This is an earthy iron ore, of an ash 
grey, or brown, sometimes reddish brown colour. Specific 
gravity 3*35. Analysis by Rd. Phillips, protoxide of iron 
with a trace of manganese 43*26, carbonic acid 29*30, silica 
and alumina 20*78, carbonaceous matter 2*67, lime 1*89, 
water 1*00, loss 1*1. It occurs abundantly in the coal for- 
mat\ons of England, Scotland, and Wales, and is the prin- 
cipal source of British iron. This ore generally contains 
sulphur, from which it requires to be purified by calcination 
previously to its being smelted in the furnace. 
'ron Pyrites^ sulphuret of iron. — A mineral of a brass colour, 
and of brilliant metallic fracture. It occurs in veins and 
. masses in many rocks, and dispersed in beds of clay, invest- 
ing other minerals, and often penetrating fossil organic 
BubstaDceB, and appearing to foim tYki^ '?i\k!cA& tjl \^€\t \&%ssi>. 



278, GLOSSARY OF T£RMS. 

It is common in some form or otber in almost all mines, 
and is called by the miners Mundic. Specific gravity 4*6. 
According to Hatchett it consists of iron 47*85, sulphur 
52*15. It is the spontaneous decomposition of this mineral 
which sometimes causes fires in coal pits, and on board of 
ships on long voyages. 

Jade. — A stone of a greyish green colour and very firm texture, 
consisting of silica, alumina, lime, potash, soda, oxide of 
iron, oxide of manganese, and water. It is found in many 
parts of the East, and in the Islands of the Pacific, where 
one variety of it is used for making axes and merys for 
warlike purposes, and thence called axe-stone. A beautifully 
carved tortoise of this mineral was found on the banks of the 
Jumna in India, and is now in the British Museum. From 
being found also on the banks of the Amazon in South 
America, it is also called Amazon stone. 

Jasper. — A siliceous mineral of a dusky red, brown, yellow, and 
sometimes green colour, opaque and very compact. Com- 
position : silica 75, alumina 0*5, lime 0*2, iron 13. It is 
found in some of the mines of Cornwall, on the Pentland 
Hills near Edinburgh, in the older secondary and trap 
rocks of the Tweed and Clyde, and in several of the 
Hebrides. There are several varieties of this stone, known 
by the names Ribbon jasper, Egyptian jasper. Porcelain 
jasper, &c. 

Jet. — A kind of wood coal, which receives a fine polish, found in 
detached pieces in the aluminous strata of Whitby, and 
occurs in other marshy and soft strata. 

Jura Limestoney or Jura Formation. — The rocks belonging to 
the oolite formation, including the lias, are so called because 
they compose the mass of the Jura chain between France 
and Switzerland. 

Kaolin, or Porcelain Clay. — The name Kaolin is derived from 
the Chinese, by whom it was used in making their excellent 
porcelain many hundred years before the art was known in 
Europe. It is soft and meagre to the touch, and adheres 
slightly to the tongue. Specific gravity 2*216, according to 
Phillips. A specimen ftrom Saxony consisted of sUica 
52, alumina 37, oxide of iron 6*33. It resists intense heat 
without fusing. It is found in abundance at St. Austel in 
Cornwall, mixed with crystals of felspar, mica, and quartz, 
from which it is separated by washing, and then made into 
balls and sent to the potteries. It is also found at Meissin 
in Saxony, near Passau in Austria, and at Limoges in 
France. The discovery of the composition of the Chinese 
porcelain has \ed lo ^\kft ^xtwislye manufacture of this beau- 
tiful ware, bolYi on \^i& cioijlXKxvkqJv* ^l^xst^-^^ «sA va. "Bngland. 
By the addiiioii ol ^oxxsA ^xl\& «jA \^^'w.> -sR^SksSaL '«s^ 



GLOSSARY OF TERMS. 279 

mixed with the clay, it is capable of that semifusion in the 
fire which is necessary to produce the ware. 

Kilkenny Coal. — See Anthracite. 

KiUaa. — A Cornish term for clay-slate, which contains most of 
the mineral veins of that county. 

Kimmeridge Clay, — A stratum of clay which supports the Port- 
land oolite, so called from the village of Kimmeridge in 
Dorsetshire. 

Lacustrine. — Belonging to lakes; from lacua, a lake. 

LamelliferoTid. — Consisting of very thin plates. 

Lamina. — The thin layers of which a stratum is composed ; the 
term is also applied to the thin plates composing a crystal- 
lized body, as in the instances of mica and crystals of sulphate 
of lime (selenite). 

Lapis Lazvli, — A mineral of a fine azure blue colour. Specific 
gravity 2'94. It is compact, fine grained, and hard enough 
to scratch glass. Composition, according to Klaproth: 
silica 46, alumina 14, carbonate of lime 28, sulphate of lime 
6*5, oxide of iron 3*0, water 2*0. It is found in small masses 
in primitive rocks, and is brought from China, Persia, and 
Central Asia. From this mineral is produced the beautiful 
and costly pigment called ultramarine. By the discovery 
of the chemical composition of the latter, it is now made 
artificially, of equal excellence, and at a very low price. 

Xava.— The mineral molten matter poured from the craters and 
sides of volcanos. It is of various colours, yellowish, greenish, 
grey, and black, is brittle and breaks with a shining fracture, 
often porous or vesicular, attracts the magnetic needle strongly, 
and easily fuses into a black glass. A specimen of compact 
lava from Calabria yielded by analysis, silica, 51, alumina 
19, lime 10, soda 4, iron 14, water 1. 

Lead. — This metal was well known to the ancients, and has been 
an article of commerce from the earliest times. It has a 
bluish grey colour and metallic lustre, but soon tarnishes 
by exposure to the air, and forms a carbonate of oxide of 
lead upon its surface of a grey colour. Its specific gravity 
is 11*381. It is malleable and ductile, has but a feeble 
tenacity, and fuses at 612° Fahr. When melted in the open 
air, an oxidized pellicle forms on the sur&ce, which is 
renewed as often as removed. Litharge is the protoxide of 
lead, and red led is a peroxide. The lead of commerce com- 
monly contains silver, iron, and copper. The principal ore 
of lead is Galena, (see Galena.) The preparations of lead : 
white lead, litharge, red led, muriate of lead, (patent yellow,) 
chromate of lead, and sugar of lead, are extensively used 
in the arts. 
Leucite. — A mineral found in volcanic rocks, of a white colour, 
and cryatalUzed, 
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Lias. — The blue and grey argillaceous limestone between the 
inferior oolite and the new red sandstone, remarkable for 
the immense quantity and character of its organic remains, 
consisting chiefiy of Saurian animals and a great variety of 
extinct shell fish. It is much used for hydraulic lime. 

Lignite. — Fossil wood partly converted into coal, as that found 
at Bovey Tracey near Newton Bushel, Devon. 

Lime. — The caustic principle, produced by the calcination of 
limestone or carbonate of lime. It is composed of one equi- 
valent of the element called calcium 20, and one equivalent 
of oxygen 8. Lime unites with one equivalent of carbonic 
acid 22, to form carbonate of lime. 

Limestone. — This term taken in its most comprehensive sense 
would designate a great variety of rocks, the prevailing 
character of which is that they consist either entirely or 
chiefly of carbonate of lime in the proportion of one 
equivalent of lime 28, and one equivalent of carbonic acid 
22, or lime 56, and carbonic acid 44 per cent. Most of the 
ordinary limestones contain impurities, that is, other sub- 
stances besides carbonate of lime, principally magnesia, 
silica, alumina, and oxide of iron, which effect both their 
colour and consistence. Some of the finest crystalline 
marbles used by statuaries present the purest specimens of 
limestone. Some portions of the chalk also afford a nearly 
pure carbonate of lime. All the newer secondary limestone 
rocks contain considerable quantities of silica, alumina, and 
oxide of iron, and the oolites are so impure as to be unfit 
for burning, except in particular instances, where they 
abound in corals. The older limestones, especially those pf 
the carboniferous and the Devonian systems, are more pore, 
take a fine polish as secondary marbles, and produce, when 
burnt, excellent white lime. 

Lithological — The stony character of a rock as distingoished 
from its fossil character. 

Lithophytes. — The animals which form coral rocks. 

Littoral. — Pertaining to the shore. 

Madrepores. — Those corals with star-shaped cavities, of which 
there are several fossil species. 

Magnesia. — A caustic alkaline earth, consisting of one equiva- 
lent of magnesium 12, and one equivalent of oxygen 8; 
united with one equivalent of carbonic acid it forms carbonate 
of magnesia, which, when pure, is a perfectly white earth. 

Magnesian Limestone. — A stone of a sandy, subgranular texture 
and glimmering face, and of a yellow or buff colour, and is 
composed of about 30 lime, 21 magnesia, 47 carbonic acid, 1 
of clay and oxide of iron. It is much prized as a material for 
mortar, but ia \mAVi ?ot «iignR.viN\.\a^ «xfi«^\.\&.«n&U quantities. 
The quameBoi XotVl^t^ ^TA^Q\^I\\l^Ja5BL^Sls^ "^SSss«^»^ 
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excellent building-stone of York Mineter and the new Houses 
of Parliament. 

Magnetic Iron Ore, — See Iron Ore. 

Mfdachiie^ — Green carbonate of copper. This mineral is found 
in the copper mines of St. Agnes^ St. Austle, and Gunnis 
Lake, Cornwall, and in Cumberland, in ^orth Wales, in 
many parts of the old continent, and in America. It is of 
a bright green colour. Specific gravity 3 5, and according 
to R. Phillips, is composed of peroxide of copper 72*2, 
carbonic acid 18*5, water 9*3. 

Mammiferoua animals, or Mammi/ers — Those animals which 
give suck to their young ; from mamma, a breast 

Mammoth. — An extinct species of elephant, the Elephas primi- 
genius, whose remains are found in the gravels of many 
countries, but most abundantly in Siberia. 

Manganese, — Oxide of manganese occurs both compact and 
crystallized. The compact kind is found near Callington in 
Cornwall, and on the east bank of the Tamar ; it also occurs 
near Aberdeen, and near Dublin. The ore is of a steel- 
grey colour passing into black, and consists, according to 
Vauquelin, of 83*7 oxide of manganese, 14*7 barytes, 1*2 
silica, 0*4 carbon. 

Jfarfefe.— Granular limestone. This substance is, when quite 
white, a nearly pure carbonate of lime, of a granular crys- 
talllan lustre, and of various colours, from pure white to 
perfectly black. It occurs in most primitive countries, and 
is thence called primitive limestone. It frequently contains 
other minerals dispersed through its mass, by which its 
colour is very much varied, as quartz, garnet, hornblende, 
talc, asbestos, sulphuret of zinc, and lead, &c. It is found 
in Glen Tilt, where it is white and grey spotted with green. 
In the Isle of Skye it is white and veined. It also occurs at 
Antrim and Londonderry, where it alternates with mica 
slate and contains mica ; and in Slieve Gailion, in the north 
of Ireland, it contains hornblende. On the coast of Galway 
a fine grained marble is found more or less stained with 
serpentine. The purest foreign specimens are the Parian, 
the Pentelic, and the Carrara. The Parian marble, from 
the island of Paros, which was much used by the ancients 
in building and statuary, is large grained and somewhat 
translucent. The celebrated Venus is of this material. The 
Pentelic, from Mount Pentelicus, afforded the material 
for the Parthenon at Athens, of which we have so many 
fragments in the British Museum. The Carrara marble, 
brought from the east coast of the Gulph of Genoa, is the 
material now commonly used by statuaries, and is of great 
purity, and the most delicate whiteness ; from this was pro- 
duoed the Antinous of the C&piUA, vsA Q)V)gl^x ^;^^t«^^ 
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Btatues. Saxony, Bohemia, Norway, and Sweden also furnish 
Rtatuary marble. 
MarL — A mineral abounding in the newer secondary formations, 
and consisting principally of various proportions of clay and 
carbonate of lime. Kich marls contain tom 30 to 60 per 
cent, of the latter. Marl has recently been discovered to 
contain small portions of phosphate and sulphate of lime 
and potash. 
Marsupial animcUa are such as have a pouch in which they 
carry their young, of which the most familiar known are the 
kangaroos. 
Mastodon. — A fossil quadruped allied to the elephant. 
Matrix. — The natural position of a mineral in its parent rock or 

stratum. 
MedtLsoR. — Marine radiated animals without shells. 
Megalosauras. — A fossil gigantic amphibious animal of the 

saurian or lizard kind. 
Megatherium, — A fossil gigantic animal of the sloth kind. 
Metamorphic Rocks. — Those rocks which have undergone a 
change in their external form and mineral arrangement 
from the effect of heat. Gneiss and mica slate are supposed 
to be altered slates, and crystalline or primitive marble 
altered limestone. 
Mercury. — This remarkable metal is sometimes found native in 
small quantities in primitive rocks, but more commonly in 
some coal formations of foreign countries. Its specific 
gravity is 13*6, it volatilizes at a red heat, and b^meB 
solid at 390 below zero of Fahr. Its principal ore is cinnabar 
or sulphuret of mercury, which is of a bright scarlet colour, 
and according to Klaproth, iR composed of mercury 84*5, 
sulphur 14*75. It is principally found in Hungary, Camiola, 
and Spain. 
Jlfica. —-This mineral is found disseminated in rocks in thin 
plates and crystals, and generally forms one of the materials 
of granite, and always of mica slate and gneiss. It also 
occurs more sparingly scattered through strata of the 
secondary order, particulary in the millstone grit and the 
sandstones of the coal formation. It is generally disposed 
in thin laminae, which are of a metallic lustre, easily split 
with a knife, and of various colours, white, yellow, green, 
brown, and black. Specific gravity 2*7. Composition: 
silica 4610, alumina 31*16, potash 8*39, fluoric acid 112, 
oxide of iron 8*66, water 087. Other specimens afford con- 
siderable variations from this analysis. A mica found in 
Russia occurs in plates of more than a yard in diameter, and 
being transpaxent \% mwQh used as a substitute for glass in 
windows, mote "!^a.T\.\c\3X«.TV3 iot ^\\i%.,^»>\i^\ss% Isaa liable to 
fracture iTom ^e ^'&<i\i«t^^ ^i ^sKaasya.. \cl^^\s!l'^ ^«^Rf^ss!S3i&. 
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the plates admit of such extreme subdiyision as to be no 
more than goa'aoa of an inch in thickness. 

Mica Slate. — A metamorphic sedimentary rock of the primary 
order, consisting of crystals of quartz, felspar, and mica, 
with an excess of the latter. It forms vast mountain masses 
in many parts of the world, and constitutes a considerable 
portion of the North of Scotland. 

Miocene, — The middle portion of the tertiary deposits. 

Molaaae, — A ^reensand with marl and conglomerates of the 
tertiary formation, and occurring extensively in Switzerland. 

Molecules. — Very minute particles, whether elementary or com- 
pound. 

Mollusca or MoUuacoua AnimcUs. — Such animals as have soft 
bodies and no bones. All shell-fish are so called, from 
mollis^ soft. 

Monocotyledonoua. — A great division of the vegetable kingdom, 
distinguished by the seed having only one lobe, as the palms, 
grasses, &c. 

Mountain Cork, — A mineral so light as to swim in water, and 
composed of silica, alumina, lime and magnesia. Mountain 
leather, mountain wood, and asbestos are of similar compo- 
sition, and so named from their peculiar external character. 

Mountain Limestone. — The limestone rock which forms the 
lowest member of what is called the carboniferous system, 
and thence often called carboniferous or coal-bearing lime- 
stone. 

Mocha Stone. — A translucent agate, containing vegetable fila- 
ments or substances which much resemble them. 

Muschdkalk, — The German name for a limestone belonging to 
the new red sandstone formation, but not found in England. 

Naphtha. — A mineral inflammable fluid, of which there are many 
springs : most probably a production of coal. 

Natron — Carbonate of Soda. — This salt is found in the lakes of 
Egypt and Hungary. When pure it consists, soda 22, car- 
bonic acid 15, water 62. An impure kind called trona is 
found at Tripoli and Fezzan in Africa, and is composed of 
soda 27, carbonic acid 28, water 2*27, and sulphate of soda 2§. 

New Red Sandstone, or red marl. — The designation of a series of 
strata between the lias and the coal measures, consisting of 
sandstone, clays, or marls, with beds of rolled stones. The 
characteristic colour is red, but the sandstones and marls 
are oft«n of a greyish green, and sometimes almost white. 

Nitrates. — Salts produced by the union of nitric acid with bases, 
of which the nitrate of lime, nitrate of potash (nitre), and 
nitrate of soda are common instances. 

Nitre — Nitrate of Potash. — This well-known salt is found native 
in France, Italy, Hungary, and many other parts of Europe> 
aIbo in Arabia, Persia, and India,, \.\ift Cj«^^ ^l Qs^i^'^^^'^^ 
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and Kentacky in America. It is also made artificially by 
the mixture of animal and vegetable subfttances with old 
plaster, or other calcareous matter, by the fermentation of 
which nitrates are produced, and these after having been 
extracted by water and purified by crystallization afford the 
nitre of commerce. In this process the vegetable and animal 
matter undergo decomposition, and the nitrogen they con- 
tain unites with oxygen in the proportion of 5 equivalents 
of the latter to 1 of the former to form nitric acid, which 
combining with the potash present, produces nitre, and with 
lime produces nitrate of lime ; to complete the manufacture 
the lime is replaced by potash, and the process completed 
by crystallization. 

Nitrogen. — The indifierent, or diluting principle of the atmo- 
sphere, commonly called azote. Also one of the elements of 
most vegetable and animal substances, but chiefly abounding 
in the latter. With oxygen, nitrogen forms nitrous oxide 
and nitric acid ; and with hydrogen, ammonia. 

Nickel, — A metal of steel grey colour, generally united with 
cobalt and arsenic. It is found in t£e mines of Cornwall, 
and the lead mines of Scotland, and in several parts of the 
continent. Meteoric iron always contains some portion of 
nickel. 

Nudens, — Any central substance round which other matter 
assembles. 

Obsidian. — A glassy volcanic mineral, of a greenish or dark-brown 
and black colour ; specific gravity, 2.35. A specimen from 
Mount Hecla yielded by analysis, silica 78, alumina 10, 
lime 1, potash 6, oxide of iron 1. It is found abundantly in 
volcanic countries, and is sometimes called volcanic glass. 

Old Bed Sandstone. — One of the older secondary formations, 
next in order beneath the mountain limestone and carboni- 
ferous series, with which it has been sometimes associated, 
but is now considered as a member of the Devonian series. 
It consists of dark-red sandstones, clays and limestone. The 
sandstones are schistose, and much fbrmer than those of the 
new red sandstone. 

Onyx. — A siliceous stone, a species of chalcedony, distinguished 
by opaque white stripes or layers. 

Oolite, or Roe-stone. — So called from the resemblance of its mole- 
cules to the roe of fish. The oolites form extensive secondary 
strata of imperfect limestones, between the chalk and tlie lias 
formation, extensively quarried for building purposes ; the 
most valuable of which are the Portland, or upper oolite ; 
the Bath, or great oolite ; and the inferior oolite. These 
rocks all abo\md \n organic remains. 

Opal. — Of ihia Blone Wiett M^VJowfe Qti^cwx^xsL^^but they are 
all nearly a^ka m <^ixi'^Q!^\\I\Q»TL, ^j(Sf)isasiC\&% ^s&s&:) ^ ^3^59^. 
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and water. Noble opal is of a whitish or yellowish-white 
colour ; but when held to the light, the transmitted colours 
present beautiful variations of green, blue, yellow and red. 
Specific gravity, 2*110. A specimen from Hungaiy yielded 
90 parts of silica, and 10 parts of water. The quantity of 
water is supposed by Berzelius to depend upon the state of 
the atmosphere, and to vary with it Common opal is of 
various shades of white, green, yellow and red, but exhibits 
no play of colours, like the noble opal ; besides silica and 
water, it contains a small portion of oxide of iron. It is 
found in some mines near St. Day, in Cornwall, and in the 
north of Ireland ; also in many countries of Europe, and in 
some parts of America. 

Organic Remains, — The remains of animals and plants found in 
a fossil state. 

Os8eou8 Breccia. — Fragments of bones cemented together by 
stoDy matter. Often found in limestone caverns. 

OvUiera. — Those detached portions of strata which stand out 
from the main body, and appear to have been separated by 
the denudating force of water ; and resembling tiiose heaps 
or portions of a bed of earth left by excavators to indicate 
what has been removed. 

Oxides, — Substances produced by the chemical union x>f oxygen 
with other elements or their compounds. Rust of iron and 
red lead are &miliar instances of oxides of metals. The 
alkalies and earths are oxides of metals, Gt metal-like ele- 
ments. In numerous instances metals unite with two or 
more proportions of oxygen; such compounds are distin- 
guished from the simple oxide by the term ^er-oxide, as 
peroxide of iron, peroxide of lead, peroxide of manganese, 
&C. ; the term peroxide always signifying that the compound 
contains the greatest quantity of oxygen the oxidized sub- 
stance is capable of uniting with, and protoxide the least. 

Oxygen. — The most abundant and important element in nature ; 
as in a solid state, it constitutes about one-half of the rocks 
which form the crust of the earth ; and in a gaseous form, 
above one-fifth of the atmosphere : in the latter state it is 
the active agent for the support of animal life, and of the 
combustion, as well as the decomposition by decay of vege- 
table and animal substances. 

Pacfiydermata. — Quadrupeds are so called which have thick 
skins, such as the elephant, rhinocerous, horse, &c. 

PaloRontology. — The science of fossil remains, Arom two Greek 
words, signifying the study of ancient beings. 

Palladium. — A very rare metal, found united with, or alloyed 
with platinum, and somewhat resembling it in appearance. 
Specific gravity, 11*8. 

Parian Marble, — See Marble. 
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Pelagian. — Signifying deep sea. 

Pentdic Marble*—See Marble. 

Peroxides. — When an ozidisable substance is combined with the 
greatest quantity of oxygen it is capable of uniting with, it 
is called a peroxide of that substance ; as peroxide of iron, 
peroxide of manganese, &c. ; and is opposed to protoxide, 
which is an oxide in the least degree. 

Petroleum, or Mineral Tar. — A thick black semi-fluid, resem- 
bling tar, but rather thicker. It is very combustible, and 
bums with a thick smoke, leaving a little black coaly residue. 
It is evidently the production of coal beds. It occurs at 
Ormskirk, Lancashire; Coal Port, Colebrook Dale, Shrop- 
shire ; near Edinburgh ; and in one of the Hebrides : it is also 
found in Bavaria, Switzerland and Italy, in many other parts 
of Europe, and in America. 

Phosphates. — Salts formed by the union of phosphoric acid with 
bases. 

Pipe Clay. — A nearly white clay, which adheres very strongly 
to the tongue, and is very plastic. It is infusible, and is 
used for the manufacture of pipes, and, in the potteries, in 
the production of queen's ware. It is found extensively in 
the plastic clay on the coast of Dorset, and particularly about 
Poole* 

Pisolite. — A stone resembling a mass of peas. 

Pitch Stone. — A black unstratified rock of an unctuous feel and 
piteh-like appearance. 

Plastic Clay. — The lowest member of the tertiary strata, resting 
upon the chalk, and composed of numerous beds of clay, 
san<l and flinty pebbles. 

Platinum. — A valuable metal, greatly resembling silver in appear- 
ance, but much harder ; though malleable, perfectly info- 
sible ; specific gravity, 21*47. It is found in the gold-mines 
of Peru and Brazil, and in Russia. It occurs in separate 
small masses, or grains, and also alloyed with gold and other 
metals. From its infusibility, and its resistance to the action 
of oxygen and the mineral acids, it is a most valuable metal 
in many of the operations of chemistry, the knowledge of 
which has been greatly extended by its discovery. 

Plesiosaurus. — A fossil extinct amphibious animal of the 
lizard tribe, with very long neck. 

Pliocene. — The newer tertiary formation, to which the mammi- 
liferous Crag of Norwich, and the Till of the Clyde Valley, 
belong, and also the deep sub-Apennine and Sicilian ter- 
tiary deposits, and brown coal beds of Germany. 
Plumbago.--^QQ Graphite. 

Plutonic Uocfcs.— TVie xoc^^ ^ <sa\\td wre granite and those other 
nnstratifled maia8eft^\5XOcL^V^«ax\ft\sas<i\s^\SLl'CiT«^^ from 
a molten 6late» wad Vi\iVJ^ <«i^^wA^\a*i^^a&ji^^^QS9jj^ 
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depths from the surface, and consequently under enormous 
pressure of the incumbent strata, and perhaps of the ocean. 

Porcelain Clay, — See Kaolin. 

Porphyry. — ^An unstratified igneous rock, in which detached 
crystals of felspar are di^ised through a compact mass of 
that or any other mineral, exhibiting a spotted appearance. 

Portland Stone. — A stratum of the upper oolite, which affords the 
valuable bnilding-stone most generally used in the orna- 
mental buildings of London. 

Potash. — The oxide of a brilliant metal called potassium. The 
deoxidation of this substance requires the most energetic 
action of the galvanic pile; and such is the powerful af- 
finity of this metal for oxygen, that upon being thrown 
into water, so rapidly is the decomposition of the latter 
effected as to produce instant and violent combustion. United 
with silica or lime, potash is a minor constituent of almost 
every kind of rock, and of all soils ; and is indispensable to 
the support, both of vegetable and animal existence. 

Potter's Clay, — A plastic clay, of various colours in different 
localities, and found in many different strata. When mixed 
with sand, it is the material of which bricks and tiles are 
made. The clay used in the potteries of Staffordshire and 
Newcastle-upon-Tyne is chiefly brought from the coast of 
Hampshire, Dorset and Devon ; and a clay used for coarse 
potter's work is dug in the plastic clay formation at Reading, 
and the London clay, at Lambeth, London. The Hampshire 
clay affords by analysis — silica 51, alumina 25, lime 3, a 
trace of manganese, and some water. A kind of clay found 
in France, which bears intense heat without fusing, and is 
therefore used for the tiles and frames in which porcelain is 
baked, consists of a greater portion of alumina than the above, 
of which the following is the analysis — silica 43, alumina 33, 
lime 3, iron 1, water 18. A clay found near Stourbridge is 
one of the most infusible, and is extensively used/or mining 
bricks and in the construction of iron furnaces and boiler 
fire-places. 
Primitive Limestone. — See Marble. 
Pudding Stone. — See Conglomerate. 
Pumice. — A light porous lava. 

Purbeck Limestone, — ^An imperfect limestone, belonging to the 
Wealden formation, found in the island of Purbeck ; and 
much used for building, and for laying floors and making 
troughs, &c. 
Puazuolana, — Volcanic ashes, very valuable for making mortar- 
It is obtained at Puzzuoli, in the Bay of Naples, and is ex. 
tensively used in the south of Europe. 
Pyrites, — Mineral substances in which sulphur is combined with 
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metals, chiefly iron, copper, and lead, and which are called sal- 
phurets of those metalB. See Iron Pyrites. 

Pyroxene, — See Augite. 

Qmrtz. — A German name for stone composed of pure siliea, the 
most abandant mineral substance in nature, of which rock 
crystal is a perfect specimen. Flints, agates, chalcedony and 
cornelian, are composed almost entirely of quartz. All 
stones consisting principally of qnartz have the property of 
scratching glass. Its specific gravity is 2*6 ; and it crystal- 
lizes in six-sided prisms, terminated by six-sided pyramids, 
which are said to contain from 2 to 3 per cent, oi water, 
which, according to Berzelius, varies with the state of the 
atmosphere. Most beautiful crystals of quartz are constantly 
found in the veins and cavities of metalliferous rocks ; and 
some of the finest and most transparent occur in in the slate 
quarries of Delabole, on the north coast of Cornwall ; bat 
the largest specimens are brought from Dauphin^, Madagas- 
car and the Alps. Sometimes crystals of quartz occur which 
enclose water, air, and even bitumen. It also contains fre- 
quently several mineral substances. Quartz is associated 
with, and forms a part of the ores of most of the metals, and 
is the principal constituent of almost all the older and crys- 
tallized rocks. 

Quicksilver. — See Mercury. 

Realgar. — A sulphuret of arsenic. Its specific gravity is 3*8 ; and 
it consists of arsenic, 69 ; sulphur, 31. It is of a brilliant 
red or scarlet colour. 

Red Marl. — A name often given to the new red sandstone for- 
mation, from its principal member consisting of a deep 
stratum of red clay or marl. 

Reddle, or Red Chalk. — A red ponderous earthy mineral, contain- 
ing much peroxide of iron ; much used for marking sheep, 
and as an ingredient in coarse paints. It occurs at St. Just, 
at the extremity of Cornwall. Specific grarity, 3*3 to 3*8. 

Rotten Stone.^A soft earthy substance, much used for polishing, 
consisting of alumina 86, silica 4, carbon 10. It is found at 
Bakewell, in Derbyshire. 

Rvhy, Oriental. — A beautiful red crystallized mineral, a variety 
of corundum. It consists of alumina 90, silica 7, oxide of 
iron 1*2. 

Siilt, Common. — Chloride of Sodium. This well known substance 
is found in vast masses, in many parts of the world, sometimes 
composing entire mountains, and in some instances at great 
elevations above the level of the sea. The salt of £ngland is 
supplied from the thick beds of rock-salt in Cheshire, and the 
brine springs oi Dioitmch* Pure salt consists of 1 equivalent 
of sodium 5s, Wtti^i 1 fec^aiVf^TA. ^il <2i!\«3rKftfc^^» It is, how- 
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ever, eeldom or never found pare; but contains variable 
I>ortion8 of sulphate of lime, and muriates of lime and mag- 
nesia. Salt is so abundant that it is found in all waters, but 
especially in the sea, the water of which contains about a 
thirtieth part in solution, which may be considered as the 
great magazine from which the salt deposits have been 
derived. In England all the salt required, both for home 
consumption or export, is derived from brine-springs and 
salt mines. Previous to the year 1670 the principal supply 
of salt was obtained from the salt-springs of Droitwich, but 
at that time rock salt was discovered by an unsuccessful 
seeking for coal in Cheshire, and enormous quantities have 
for a long time past been raised from the mines sunk into 
it. From one locality alone upwards of 60,000 tons are 
annually raised, most of which is exported, and the re- 
mainder dissolved in water, and crystallized. The rock salt 
is extracted from these mines much after the same manner 
as coals, by leaving thick pillars at certain intervals, but the 
intervening masses are loosened by blasting, and the frag- 
ments brought to the surface as from a coal-pit or a quarry. 
The salt so extracted is more or less stained and rendered 
impure by the red marl in which it is found deposited, and 
the fragments present a dull reddish appearance. The salt- 
springs, and also the mines of rock salt, are confined in 
England to the new red sandstone formation, generally 
interstratified with thick beds of gypsum ; but in other 
countries of Europe it is sometimes found in strata of much 
more recent date. The brine-springs in Cheshire are in 
some instances so rich as to yield nearly one-fourth of salt, 
which they obtain by rising through thick deposits of rock 
salt. Some of the most remarkable foreign salt mines are 
those of Altamonte, in Calabria; Halle, in the Tyrol; Car- 
dona, in the Pyrenees ; and Wieliczka, in Poland ; of which 
the latter is the most extensive. At this mine the shaft is 
sunk about 200 feet, through beds of sand, limestone, 
gypsum, variegated marl, and schist ; firom the first stage 
the descent is continued by wooden stairs. The first gallery 
exhibits the remarkable circumstance of a subterranean 
chapel, excavated in the mass of the chalk, 30 feet in length, 
24 in breadth, and 18 feet high; the pillars which sustain 
the roof, as well as the altar, crucifix and statues, are wrought 
out of the same material. The blocks of salt are generally 
cut out of the solid mass by similar mechanical means as 
those employed in quarrying masses of stone, namely, by 
forming a line of holes into which wedges are introduced 
and driven simultaneously, by which the blocks are detached 
of the required form and size. Gunpowder is also used in 
this mine, and will probably «lloget.W viK^T:^^^^ SS^<^ ^sv^^sRitc^ 
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tedious mechanical process. Kearlj 2,000 men are con- 
stantly employed in this stupendous mine, and the galleries 
are said to extend more than eight miles in length. 

The mode of purifying the salt is effected in a similar 
manner at all salt mines and springs. When a brine of suffi- 
cient strength is obtained, and has become clear, it is put into 
evaporating pans, when it is soon brought to the boiling 
point ; the impurities which rise to the surface are skimmed 
off, and thrown aside for agricultural purposes, as are also 
the first crystals that form. The boiling is continued for 
many hours, during which the crystals are deposited as the 
water diminishes. When the water is much reduced the 
salt is raked out, and put into moulds, which are placed in a 
drying stove till the salt is sufficiently dried to be removed 
for sale. To produce very fine salt a slower process of evapo- 
ration is adopted. 

Sea salt, called bay salt, is obtained by evaporating the 
searwater in extensive evaporating pans, by the heat of the 
sun. This salt contains many impurities, as will be seen by 
the following analysis, by Marset ; according to which, 1,000 
parts of sea-water contain — 

Chloride of sodium (common salt) . . 26'660 

Sulphate of soda 4*660 

Chloride of potassium 1*232 

Chloride of magnesium 6*152 

Sulphate of lime 1*500 



39*204 

Sapphire.—See Corundum. 

ScUin Spar. — A fibrous carbonate of lime, of silky surface, and 
capable of receiving a fine polish. It is found near Alston 
Moor, Cumberland, in veins in clay shale, and in Glen Tilt, 
Scotland. 
Sauriana. — Enormous aquatic animals of the lizard kind, now 
perfectly extinct, whose fossil remains abound in the blue 
lias formation, and more or less in all the secondary strata 
above the lias. Several large and perfect specimens of these 
are exhibited in the British Museum ; and many vertebrse, 
of about six inches in diameter, which must have belonged 
to others of more gigantic dimensions. So abundant were 
these animals during the deposition of the newer portion of 
the secondary strata, that their dung has enriched these rocks 
with phosphate of lime. 
Schist, — A German term for slate, in England sometimes 
applied to clay slate; by the miners of Cornwall called 
Killas. 
Schistose. — ^Having % %\&Vj, QT\asDMia.\ft^,^tw!i\saft. 
Schorl* — Tlus miaewJL \a o^ ^.XstoiWK^^ w.\5sak^ ^^^^^^^^siiL 
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occurs massive, disseminated and crystallized; but it is 
mostly aggregated, and occurs in beds. The crystals are 
often minute and divergent. Specific gravity, 3*2. Compo- 
sition, silica 38, alumina 34, magnesia 1, potash 6, oxide of 
iron 21. It is found in Perthshire, Banffshire, Invemess- 
shire and Argyleshire, Scotland; and in the granite and 
tin mines of Cornwall, and is called by the miners '' cockle ;" 
also in the granite of the east of Ireland. 

ScoricB. — Cinders ejected from volcanos. 

Secondary Rocks, — The extensive series of rocks or strata inter- 
mediate between the tertiary and the primary. 

Sedimentary Rocks. — Those strata which have been mechanically 
deposited by water. All the stratified rocks are called sedi- 
mentary. 

Selenite. — Crystallized Gypsum, which see. 

Septaria, — The name given to the nodules and layers of argillo- 
ferruginous limestone, found in the London clay and other 
strata ; which when calcined forms the cement powder so 
extensively used for plastering walls, and in decorative archi- 
tecture, in London. The nodules are of a bluish-brown 
colour, and are traversed by veins of crystallized carbonate 
of lime ; it is composed of, carbonate of lime 68, silez 18, 
alumina 7*5, oxide of iron 2, carbon and bitumen 3, water 5. 
When the calcined powder is mixed with water, the alumina 
causes it to set quickly, which renders it so valuable as a 
cement ; for which purpose it is generally mixed with two 
parts of sand ; but in the construction of the Thames Tunnel 
it was used alone. 

Serpentine. — Belonging to the metamorphic rocks; so called 
from its various colours, which are dark green, yellow, grey 
and brown. It principally consists of a silicate of magnesia, 
combined with lime, water and oxide of iron. Its amJysis, 
according to Hisinger, is magnesia 37*24, silica 32, 
alumina 0*5, lime 10 2, water 14. Its fracture is splintery, 
with a glimmering surface, and somewhat soapy to the touch. 
Specific gravity, 2*2. It occurs in the marble of Glen Tilt, 
in Scotland; the Lizard, in Cornwall; and in primitive 
marble on the coast of Galway, Ireland. It is the colouring 
matter of the celebrated marble called Yerd Antique, so 
highly prized by the ancients, but the quarries of which are 
now lost. 

The above serpentine is called Noble Serpentine ; there is 
another kind called Common Serpentine, which is of various 
shades of green, brown and red, variously mixed. Specific 
gravity, 2*5. Analysis, according to Yauquelin, magnesia 
44, silica 44, alumina 2, oxide of iron 7*3, oxide of manganese 
1*5, oxide of chrome 2. It occurs at Portsoy, in Banffshire, 
said Bcveral other parts of ^coU«ai^\ vgA \sl ^^^ ^^t^^^s®^ 
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and Shetland Islands ; and also in the tract called the Lizard, 
in the south of Cornwall. 

Shale, — Indurated slaty claj. 

Shingle. — A term given to pebbles, or water-worn stones^ on the 
sea shore. 

Sienite. — A kind of granite in which the mica is replaced by 
hornblende ; from Syene, in Upper Kgypt, where that rock 
forms the cataracts of the Kile. 

SUex. — The earth of flints ; the chief component of most sands. 

Silica— Silicic add. — A pure earth, of which rock crystal is a per- 
fect specimen. The most abundant earth in nature, as it is 
the principal ingredient in most of the great mountain 
masses. It is composed of silicon 8, and oxygen 8. 

Silicates, — Substances formed by the combination of silica with 
alkaline and earthy bases, in which silica plays the part of 
an acid. Thus we have silicate of soda or potash, (glass,) 
silicate of alumina, lime, magnesia, iron, &c. 

Siliceous. — Flinty, or composed of flinty particles. 

Silicijied, — Petrified by silicious matter. 

SUt. — The finely divided matter carried down and deposited by 
rivers, and forming wliat are called alluvial soils on their 
banks, and deltas at their mouths. 

Silver. — This valuable metal occurs in a native state, and united 
in numerous ores with other metals, and very generally in 
the ore of lead. 

Native silver is of a pure white, but tarnished externally 
with a grey or black colour, owing to the presence of sul- 
phur. It is soft, flexible and malleable. Specific gravity 
about 10. It is found in several mines in Cornwall, in Hnel, 
Mexico ; Perranzabulo, Dalcoath Mine ; Huel Duchy, near 
Callington ; Huel St. Mark, near Calstock.and several others. 
It occurs also in Scotland ; and the mines at Alva, in the 
Ochill Hills, are said to have yielded 40,000^. or 5O,O00i. 
worth of silver. It has also been found in the clay slate of 
Ireland. The British mines, however, yield but an incon- 
siderable quantity of silver; and until the discovery of 
America, the mines of Saxony, Hungary and Transylvania, 
and the trade with the east, aJBTorded the supplies of that 
metal to Europe. The immense quantity of silver ore dls< 
covered in America, and the comparative facility with which 
it was raised, permanently effected a reduction of its relative 
value. Prior to that time the comparative value of silver and 
gold was as 10 of the former to 1 of the latter ; whereas since 
that period the relation has been as 16 to 1. This cheap- 
ening of the value of silver is owing to the abundance of 
the ores In t\i^ km.ei\Qa^ -Qivofi^^ as they are not richer in 
metal tlian t\iO&Q oi ^utqv^» ^^ TvifiasKt ^€y&& t^rA* gelding 
more than. a\>o\xlto\ao\flwi«s^\ft^^V\3S4SS5R^-^'sw^^^ 
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while the mines of Saxony^ at fortunate periods, have yielded 
from 10 to 15 ounces. In the celebrated mining district of 
Mexico, Guanaxuato, one vein alone, the V eti Madre, is stated 
to have furnished annually for a great number of years, about 
three hundred pounds weight of silver, besides a great quan- 
tity of gold ; and the mines of Potosi, in Peru, yielded from 
their first discovery, up to the year 1803, silver amounting 
to 287,358,354/. sterling, which had paid the royal duties; 
and no doubt an immense quantity had been taken away 
which had not passed the mint. The ores of these mines 
are carried to the surface upon the backs of the Indians, who 
for many hours each day ascend the steps of deep mines, 
with a load of 200 pounds and upwards. Silver is found 
often mineralized with sulphur and carbonic acid, and com- 
bined with several metals, amongst others, gold, copper, anti- 
mony, iron, lead, and arsenic, mixed with silex and alumina. 

Simple Mineral. — A term applied to minerals to distinguish 
them from rocks, which generally consist of an aggregate of 
minerals. The minerals themselves so called are neverthe- 
less compounds of different elements. 

Slaie Clay, — Indurated and laminated clay ; often intervening be- 
tween the stony masses of the strata, and abundant in the 
coal measures. 

Soap Stone. — An unctuous feeling stone, which when first dug 
is soft, but by exposure and the loss of moisture becomes 
hard. It is mostly white, or grey, and yellow, veined with 
green and purple. It occurs in the serpentine of the Lizard, 
Cornwall, where large lumps of native copper were found 
in the same vein. The soap stone of Cornwall consists of 
silica 45, alumina 9.25, magnesia 24.75, potash 0.75, oxide 
of iron 1, water 18. It fuses into a white enamel ; and at 
Swansea is much used in the manufacture of porcelain. 

Soda, — See Natron. 

Sodium. — The metallic base of soda, which is an oxide of sodium, 
and of common salt, which is a chloride of sodium. 

Solfaiara. — A volcanic vent emitting water, sulphur, and acid 
vapours. 

Spar. — A term given to several crystalline earths. Crystals of car- 
bonate of lime are called calcareous spar ; the fluoride of lime, 
Derbyshire spar; the crystals of quartz are often called 
spar. 

Specular Iron. — An oxide of iron, containing 69 iron, and 31 

oxygen ; it occurs in the killas of the mines of Cornwall, and 

also in Scotland. The island of Elba, on the coast of Italy, 

. affords great abundance of this ore ; where it has been worked 

from the remotest times. v 

Stalactite. — The pendent, and often tube-like, masses of carbonate 
of lime, seen projecting from t\ie xooift ol <ia2s«CQS^^sA^«sav<^- 
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times of rocks ; and produced by water percolating from 
above, and holding carbonate of lime in solution. 

SUdagmite, — A deposit of carbonate of lime on the sides and 
floors of limestone caverns. 

SteaJtite. — A magnesian mineral, of various shades of white, grey, 
yellow, green and red ; it is unctuous to the touch, and of 
a splintery fracture. Composition, silica 64, magnesia 22, 
oxide of iron 3, water 6. Specific gravity, 2*67. It is found 
at Portsoy, in Scotland, in serpentine ; in the Isle of Skye, 
and other islands of the same group ; it also occurs in the 
Isle of Anglesey. It is found in the primitive rocks of 
Saxony, Bohemia, Norway and France, most commonly in 
serpentine. When calcined it is employed in the manufac- 
ture of the finest porcelain. From its unctuous property it 
is said to be used by the Arabs in their baths, instead of 
soap, to soften the skin ; and Humboldt mentions that a 
race of savages, on the banks of the Orinoco, mix a species 
of steatite with their food, or eat it alone, as a substitute ; or 
rather, it must be supposed, to assist to distend the stomach. 

Stone Coal. — See Anthracite. 

Stratified. — Formed in thick beds, or laminated masses, called 
strata. 

Stratum, plural Stra^ta. — A layer or bed of rock. 

Strike. — The horizontal direction or line of bearing of the face of 
strata, or of the slope of a line of hills. 

Sulphur. — This combustible mineral occurs massive, dissemi- 
nated and crystallized; often investing and penetrating 
other minerals ; and in veins and beds in primitive rocks, 
in many parts of the world. The kind called volcanic sal- 
phur is found near the craters of volcanoes. Many volcanoes 
yield it in great abundance, particularly those of the Andes 
in South America. The source from which Europe is princi- 
pally supplied is a sunken plain near Naples, called the 
Solfatara, from whence it has been raised upwards of 2,000 
years. 

Smnestone, or Stinkatone. — A carbonate of lime, of a dark or 
black colour, which when scratched gives out a fetid smell, 
which appears to arise from the liberation of sulphuretted 
hydrogen. When calcined it produces a beautiful white 
lime. It is found chiefly in the mountain limestone, from 
which it differs only in the particular above mentioned. It 
is found at Clifton, near Bristol; in the Mendip Hills, 
Somerset ; in Shropshire and Northumberland, and also in 
Derbyshire, where it is very abundant. The same kind of 
carbonate of lime is found in a soft bed of magnesian lime- 
stone, in detached i!i8&^<& o^ iuconsiderable size, at Hartle- 
J)ool, and on t\ie co«a\i, nsM ^>MA«t\wA. 
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of hills which have been formed by the partial elevation of 
the strata ; the anticlinal axes having relation to the ridges 
of those hills. 

Tcdc is a shining, semi-transparent, soft mineral, of an unctuous 
feel ; of a white or yellowish colour. It is separable into 
thin laminse, which are very flexible, but not elastic ; by 
which latter character it differs from mica, which in other 
respects it much resembles. Massive talc is less translucent 
and flexible than the crystalline. Specific gravity, li-77. 
Composition, silica 61, magnesia 30*5, potash 2 '75, oxide of 
iron 2*5, water 0*5. It is found at Glen Tilt, Perthshire, 
in granular limestone ; in Banffshire and Aberdeenshire, in 
serpentine; at the Lizard, Kyan's Cove and Porthaller, 
Cornwall. It is also found in primary mountains in several 
parts of the continent of Europe. 

TcUvs. — A bank formed at the foot of a rock, from the debris or 
fragments which have fallen from it. 

Tellurium.— A rare metal, found only in small quantities, in the 
gold mines in Transylvania. It is described as a white 
metal, approaching to a lead grey ; of metallic lustre, and 
laminated structure ; and is usually found alloyed with gold, 
silver, and iron. 

Tertiary Strata. — The series of strata above the chalk formation, 
all of which exhibit in their organic remains a wide 
depaiiure from those contained in the chalk and other 
secondary strata beneath, and their approximation to the 
character of the animals which now inhabit the sea. 

Testacfa. — Soft or molluscous animals enclosed in a shell, such 
as snails, oysters, mu^isels, &c. 

T^m.— The ores of this metal are but few, and that from which 
almost all the tin of commerce is derived is the oxide of tin, 
which is found more abundantly in Cornwall than any other 
part of the world, from whence it was obtained by the ancients 
at a very remote period. The oxide occurs mostly in crys- 
tals, more or less transparent, coating cavities and veins ; 
also fibrous and granular. It is found principally in veins 
traversing clay slate and granite; and is generally most 
abundant where these two rocks meet, accompanied by many 
other minerals. It occurs disseminated in the granite of 
St. Michael's Mount. Large quantities of the oxide of tin 
are also obtained from the diluvial beds in the valleys, by 
an operation which is called streaming ; the ore being sepa- 
rated from the earthy matter by means of streams of water 
artificially managed ; and the ore thus obtained is a very 
pure oxide, and produces the best tin. The specific gravity 
of oxide of tin is 6'7 ; and a specimen analysed by Klap- 
roth, consisted of tin 77*5, oxygen 21*6, oxide of iron 0*25^ 
eHex 0'75. Copper and arsemc w^ «\«i ^omtA \a. "^^ ^'tws. 
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of ComwalL When the tin ore is extracted from the mines, 
the crystals are mixed up with the slate and granite, sal- 
phurets of iron and copper, arsenical pyrites, and other 
minerals. 

Pure tin has a white colour, and a lustre resembling that 
of silver, which does not readily tarnish when exposed to 
the air. Specific gravity, about 7*3. It is malleable, and 
may be beaten into laminae not exceeding laft^t h part of 
an inch in thickness. It is less tenacious thaii several other 
metals, and when bent gives a crackling noise ; it fuses at 
442° ; and if exposed to the air at that temperature, the 
surface tarnishes, by the formation of oxide of tin. At a 
white heat it bums with a white flame, being converted into 
a peroxide of tin. It forms with other metals various valuable 
alloys: with copper, bell-metal, and speculum-metal; and 
with zinc, brass. 
Toadstone, or Amygdaloid, — A cellular trap, or igneous rock, 
principally consisting of felspar. The cells are generally 
filled ^ith mineral matter of a different colour to the mass, 
which imparts that spotted or porphyritic appearance by 
which it is principally characterised. 
Topaz. — This stone is found massive and crystallized. It is 
sometimes nearly transparent, and of various shades of 
yellow, green, blue, lilac and red. Brazilian topaz, accord- 
ing to Vauquelin, consists of alumina 50, silica 29, fluoric 
acid 19. It is the product only of primitive countries, chiefly 
of veins. It is found in small whitish or greenish crystals, 
in the granite of St. Michael's Mount, and in a mine near 
St. Agnes, and in alluvial soil at Cairn Gorm, Aberdeen- 
shire. It occurs also in Bohemia, Saxony, the Uralian 
mountains of Russia, Siberia, Savoy, and North and South 
America. 
Tourmaline. — A crystallized mineral which occurs of various 
colours, white, green, blue, and black ; those of the two 
former colours are partly translucent, the black are opaque. 
Analysis of a specimen from Sweden, by Gmelin, affoi^ed 
silica 42*59, alumina 34*32, magnesia 8*47, potash and 
soda 2*42, oxide of iron 5*22. White and green tourmaline 
are found at St Gothard, Switzerland ; green comes from 
Ceylon ; and those of an indigo blue colour occur in the mine 
of Atoc in Sweden ; and black or brownish-black tourmaline 
occurs in most of the primitive tracts of Europe and America. 
It also occurs at St. Just, Cornwall, and splended crystals 
of it have been discovered in a red granite at Bovey Tracey, 
Devon. 
Trachyte, — A volcamc i^xodxivit composed of glassy felspar with 

detached cryataAs, 'w\iVci\i.m"8^^\\.x«6KisM^<i w^hyry. 
Trap Hocks. — A. claaa oi\mfitoi^^^\^^wia»\^s(ets^^^<s^^ 
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their sometimeB exhibiting on their Barface the resemblance 
of steps, (trappa being the Swedish name for step.) 
The principal of these rocks are amygdaloid, dolorite, 
green stone and basalt. These rocks have evidently in 
a molten state penetrated and upheaved the regular strata 
of all ages, and have been the cause of their displacement, 
forming extensive dykes and faults in the mining districts. 

\avertint or Tufa, — The stony matter deposited by springs con- 
taining carbonate of lime in solution. These deposits are so 
copious in some of the small lakes of the South of Italy, that 
they have supplied building material for the most ancient and 
colossal structures of that country. By those changes which 
in remote times have affected the surface of the earth, the 
bottoms of lakes have been elevated, and the travertin 
deposited in them raised to a considerable height above 
the level of the sea. Thus the seven hills of Rome, which 
now rise more than 200 feet above the level of the Tiber, 
appear to have once formed the bottom of a lake, as they are 
capped with these deposits of travertin. So rapid is the 
formation of travertin now in operation, that Sir Charles 
Lyell, describing the baths of San Filippo, says, " the water 
which supplies the baths jfaJls into a pond, where it has 
been known to deposit a solid mass thirty feet thick in 
about twenty years." A manufacture of medallions is carried 
on at this place. This water is conducted by canals into 
several pits, in which it deposits travertin and crystals of 
sulphate of lime. After being thus freed from its grosser 
particles, it is conveyed by a tube to the summit of a small 
chamber, and made to fall through a space of ten or twelve 
feet. The current is broken in its descent by numerous 
crossed sticks, by which the spray is dispersed around upon 
certain moulds which are rubbed lightly over with a solu- 
tion of soap, and a deposition of solid matter like marble is 
the result, yielding a beautiful cast of the figures formed 
in the mould. 

^ripoli. — A siliceous mineral of argillaceous aspect, which 
occurs either massive or slaty. It is composed almost en- 
tirely of silica, derived, according to the discoveries of Ehren- 
berg, from shields of microscopic animalculae, so minute 
that a cubic inch is computed to contain forty millions of 
them. It was formerly brought from Tripoli in AMca, 
from which it derives its name ; it is now, however, found 
in several parts of Europe. This substance is extensively 
used for polishing metals, marbles, glass, &c. 

^ein8, — Fissures or cracks in rocks, generally filled up by mate- 
rials differing from the rock, and often containing the ores 
of metals ; these are sometimes several yorda vrlde^ ^^^ '^.i 

U 
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others branch into very narrow divisions, resembling the 
veins of an animal, whence their name. 

Zeolites. — A family of simple minerals usually found in trap 
or volcanic rocks, as stilbite, mesotype, &c. 

Zinc. — There are several ores of this metal, though they are not 
numerous; the principal arethesulphuretof zinc called blende, 
which has been described under tluit name, and the carbonate 
of zinc or calamine. The latter, which affords the zinc of 
commerce, occurs in beds and veins of secondary limestone 
in several countries of Europe. It is very abundant in 
England, and is found in the Mendip Hills at Shephimi near 
Cross, Somerset; at Holywell, Flintshire; and in Derbyshire. 
It occurs both crystalline and compact. The compact 
calamine consists of oxide of zinc 68*4, carbonic acid 35*2. 

Zinc, when freed from its mineral impurities, is a metal of 
considerable hardness, with a strong metallic lustre and 
bluish white colour. Specific gravity 7. At both a low and 
high degree of heat it is brittle, but at a temperature between 
210 and 300 it is malleable and ductile, and may be rolled into 
thin sheets. It is little affected by the action of air and 
moisture, but when fused In open vessels it absorbs oxygen, 
and produces the white oxide called the flowers of zinc. 
Its combining proportion or equivalent is 82. 

Zoophytes. — Aquatic animals which produce corals, sponges, &c, 
and are found abundantly in the seas of tropical and warm 
climates. 
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Adkia, a town of Italy, effect of the 

waters of the Fo and Adige, 41. 
Adiiatic Gulf, shoaling of, by the 

discharge of the rivers which 

flow into it, 41. 
Agate, 261. 
Alabaster, 261. 
Albite, 261. 
AlkaHne, 261. 
Alkaline earths, 261. 
Alnm, 261. 
Alam Bay, Isle of Wight, Coloured 

Sands o^ 93. 
Alum Shale of Whitby, 147, 261. 
Alum, mode of manufacturing from 
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Alum Stone, 261. 
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and Somerset, 74. 
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Bttde, St. Ives, Padstow, Loo 

Harbour, and the Bay of ibiscay, 

76. 
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Amalgam, native, 261. 
Amazon stone, 262. 
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Antimony, 262. 

Apatite, 262. 

Arabian fable, respecting the 
changes to which the surface of 
the globe is liable, 47. 

Arenaceous, 262. 

Argillaceous, 262. 

Ar^o-ferruginous limestone, 262. 

Anstotle, hid observations on geo- 
logical changes, 46. 

Arragonito, 263. 

Arsenic, 268. 

Artesian Wells, 54 ; those of Cha- 
ring Cross, Pulham, and Sheer- 
ness, 55 ; of Tours and Grenelle, 
56 ; interesting circumstances 
attending the sinking of the 
latter, 56. 

Asbestos, 263. 

Asphalte, 263. 

Atom, chemical, 281. 

Augite,263. 

Aymestry limestone, 213. 

Bagley Wood, Oxfordshire, drifted 

materials upon, 73. 
Bagshot Sand, 86. 
Bala Limestone, 215. 
Baltic Sea, shoaling of its bottom, 

37. 
Banwell Cave,fo8sil remains in, 26. 
Barytes, 263. 
Basalt, 264. 
Basaltic rocks, 18. 
Basin, geological, 264. 
Bath, valley of, 15. 
Belemnite, 264. 
Beryl) or Aquamarine^ 264. 
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Bismuth, 264. 

Bitumen, 264. 

Bituminous shale, 264. 

Blende, 264. 

Blende coal, see Anthracite. 

Bones of men not found in a fossil 
state, 26. 

Borax, 265. 

Boron, 265. 

Boulders, 265. 

Breccia, 265. 

British strata, 67 ; Professor Phil- 
lips* map of, 68; descriptive 
table of, 68. 

Buckland, Professor, his discoveries 
in Kirkdale Cavern, 25, 26. 

Calamine, 265. 

Calcaire Grossier, 265. 

Calcareous, 265. 

Calcareous grit, 122. 

Calcareous rock, 265. 

Calcareous spar, 265. 

Calcareous sands of Devon and 
Cornwall, 76. 

Calcination, 265. 

Cambrian system, 215 ; oi^nic re- 
mainsof,315; roofingslateof,215. 

Caradoc sandstone, 212. 

Carbon, 265. 

Carbonate of lime, 265. 

Carbonic acid gas, 265. 

Carboniferous, 265. 

Carboniferous Limestone, 195. 

Carboniferous system, 161. 

Carrara marble, a metamorphic 
rock, 219. 

Cataclysm, 265. 

Caves in which bone breccias are 
found, 26. 

Cerium, 265. 

Chalk, 265 ; extent of the forma- 
tion in England, fossil animal- 
culse contained in, 100 ; general 
character of, 102 ; fossil remains 
found in, 105 ; agricultural cha- 
racter of, 105 ; converted into 
crystalline marble, 219. 

Chalk marl, 104; phosphate of 
lime found in that oi t^e 1&\& ol 
Wight, 106. 



Chemical combination, 230. 

Chemical affinity, 230. 

Chemical equivalents, 230. 

Chemistry, its connexion with Geo- 
logy, 228. 

Chert, 265. 

Chesil Bank, 75. 

Chlorides, 266. 

Chlorine, 266. 

Chlorite, 266. 

Chlorit« skte, 217. 

Chromium, 266. 

Clay, 266. 

Clay slate, 216, 266. 

Cleavage of slate rocks, 215. 

Climate, changes of, in different 
parts of the earth manifested l^ 
the organic remains, 27. 

Climate, now affected by the pre- 
sent relative position of luid and 
sea, o4. 

Clinkstone, 266. 

Coal, 266. 

Coal measures, 162 ; fossil remains 
in, 163 ; faults in, 162 ; of foreign 
countries, 189. 

Coal fields of Qieat Britain, 166, 
167, 176, 176, 177, 178, 182, 
184, 186. 

Coal, Bovey, or Brown coal, 267. 

Coal formation, 267. 

Coal glance, 267. 

Coals, quantity yielded by the 
British mines, 165. 

Cobalt, 267. 

Combustion, 268. 

Compact, 268. 

Conformable, 268. 
Conglomerate, 268. 
Conglomerates of Herts, Somerset, 

and Devon, 98. 
Continents, gradual waste of them 
by causes continually in action,40. 
Copper, 268. 
Coprolite, 268. 
Coral rag, 121. 

Coral rocks and islands, how pro- 
duced, 36 ; observations on, by 
Darwin, 36; founded on sub- 
TQ&mie mountains, 86. 
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Cornstone, 208. 

Conmdum, 268. 

Coaraogony, 269- 

Ck)thara marble, 2G9. 

Crag, 269. 

Crater, 269. 

Cretaceous, 269. 

Cretaceous formation, inclnding the 

ChaUc and Greensand, 100. 
Crich HUl, Derbyshire, elevation 

of, 18. 
Crop out, 269. 
Crystalline, 269. 
Crystallization, 269. 
Culm-beds of Devonshire, 206. 
Currents of water, force of their 

transporting action manifested in 

several parts of England, 77. 

Debacle, 269. 

Deltas, 269. 

Detrital deposits, 77, 78. 

Devonian system, 202 ; extent of in 
England, Scotland, and Ireland, 
203; date, shale, and culm- 
beds of, 207. 

Devonshire marble, 208. 

Diamond, 269. 

Diluvial beds, 78; remains of ani- 
mals found in, 79. 

Diluvium,77,79,80,270. 

Dinotherium, fossil remains of, 
found in the beds of Eppelsheim, 
associated with those of other ex- 
tinct mammalia, 82. 

Dip, 270. 

Dolerite, 270. 

Dolomite, 270. 

Drift, 77. 

Druidical circles of Stonehenge and 
Avebury, 85. 

Dunes, or Downs, 270. 

Dykes, 270 ; character and effects 
of, 17. 

Earth, admirable arrangement of 
its surface adapted to its present 
inhabitants, 28 ; changes to which 
it has been subject in very r^ote 
times, 11. "* 

Elements, table of, with their chemi- 
cal equivalents, 229. 



Elephant, or mammoth, found 
frozen up on the banks of the 
Lena, 25. 

Emerald, 270. 

Emery, 270. 

Eocene, 270. 

Escarpment, 270. 

Estuaries, 270; of the Thames, 
Severn, and Trent, 74. 

Fault, 270. 

Felspar, 271. 

Felspar, compact, 271. 

Finped's Cave, 18. 

Flint, 271. 

Fluor spar, 271. 

FluviatUe, 271. 

Forest marble, 126. 

Formation, 371. 

Fossils, 271. 

Fossil remains of animals found in 

gravels, caves, and peat bogs, 25. 
Fossil trees, in the dirt beds of 

Portland, 117, 118. 
Fullers' earth, 129, 271. 
Fusion, 272, 

Galena, 272. 

Ganges, quantity of water dis- 
charged oy, 50 ; immense quan- 
tity of earthy matter carried down 
to the sea by it, and other great 
rivers, 43. 

Garnet, 272. 

Gault, 272. 

Geognosy, 272. 

Geology, its comprehensive mean- 
ing, advantages derived from the 
knowled^ of, 2, 4; facility of 
prosecuting the knowledge of, 
5 ; modern discoveries not in- 
compatible with Eevelation, 7. 

Geology, Archbishop of Canter- 
bury,' his observations on, 7- 

Giant's Causeway, 18. 

Giraffe, fossil remains of, in the 
Tertiary deposits of India, 83. 

Glacier, 272. 

Glacis, 273. 

Glance coal, 273. 
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Gneiss, 221, 273. 

GoatVHole Cave, 26. 

Gold, 273. 

Granite, 273. 

Graphite, 274-. 

Gravity, specific, 274«. 

Great oolite, 126. 

Greensand, 107, 274* ; agricultural 
character of, 109. 

Greenstone, 274. 

Greywacke, 274j. 

Grey Wethers of WUtshire, 85. 

Grit, 274.. 

Gulf- stream, influence of, on the 
climate of the western shores of 
the North of Europe, 34. 

Gypsum, 274. 

Haematites, 275. 

Hastings sand, 110, 112; fossils 

contained in, 113. 
Heavy spar, 275. 
Ilimfuaya, tertiary deposits at the 

foot of, and the remarkable fossil 

remains they contain, 83. 
Hornblende, 275. 
Hornblende rock and slate, 218. 
Homstone, 275. 
Hot-springs, explanation of the 

cause of, 58 ; observations upon, 

by Humboldt, 57. 
Hyacinth, 275. 
HyaUte, 275. 
Hydrates, 275. 
Hypersthene, 275. 

Iceland spar, 275. 

Ichthyosaurus, 145. 

Igneous rocks, their composition, 

227. 
Inferior oolite, 129 ; description of, 

by Conybeare, 132 ; fossils found 

in, 138 ; sands of, 130. 
Infusory animalcules, 275. 
lolite, 275. 
Iridium, 276. 
Iron ore, 275. 
Iron pyrites, 277. 
Isle of Wight, fresh water tertiary 

beds in, 86. 

Jade, 278. 



Jasper, 278. 

Jet, 278. 

Johnson, his observations on the 

shoaling of the Baltic, 39. 
Jura limestone, 278. 

Kaolin, 278. 
Kellowgiy rock, 122. 
Kilkenny coal, 279. 
Killas, 279. 

Kimmeridge clay, 119, 279. 
Kirkdale Cavern, bones of nume- 
rous animals found in, 25. 

Lacustrine, 279. 

Lamelliferoas, 279. 

Laminae, 279. 

Land, elevation of^ extensive modem 

instances of, 15 ; waste of by 

running waters, 40. 
Land and sea, changes which have 

taken place in their rebtive 

position, 24. 
Lapis lazuli, 279. 
Lava, 279. 
Lead, 279. 
Lead mines of Derbyshire and Com- 

berland, 62, 63. 
Leucite, 279. 
Lias, 280. 
Lias formation, 141 ; agricultural 

character of, 149. 
Lias limestone, converted iato 

crystalline marble, 219. 
Lias strata, section of, obtained by 

sinking for coiJ, 143. 
Lignite, 280. 
Lime, 280. 
Limestone, 280. 
Lithological, 280. 
Lithophyt«s, 280. 
Littoral, 280. 
LlandeUo flags, 212. 
London clay, 88; extent of, 90; 

sinkings into, to obtain water, 

88, 89, 93, 96 ; mineral contents 

of, 89 ; organic remains, 90. 
Lower oolite, 125. 
Ludlow limestone, 213. 
Ludlow shale, 212; organic re- 

's&aAXkaiu^214. 
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Lyell, Sir Charles, his opinion re- 
specting the production of trap 
rocks, 225. 

Macculloch, his opinion of trap 
rocks, 224. 

Madrepores, 280. 

Magnesia, 280. 

Magnesian limestone, 158, 280; 
analysis of, 158. 

Magnetic iron ore, 281. 

Malachite, 281. 

Mamraiferons animals, 281. 

Mammiferoos crag of Norfolk, 
fossil remains in, 82. 

Mammoth, 281. 

Manganese, 281. 

Marble, 281 ; primitive, 218. 

Marine alluviam, 75. 

Marl, 282. 

Marsupial animals, 282. 

Mastodon, 282. 

Matlock, trap rocks at, 18. 

Matrix, 282. 

Medusae, 282. 

Megalosaurus, 282. 

Megatherium, 282. 

Melbury marble, 122. 

Mercury, 282. 

Metamorphic rocks, 17, 274!. 

Mica, 282. 

Mica slate, 220, 283. 

Middle oolite, 121. 

Millstones, French, 99. 

Millstone grit, 192. 

Minerals, extent of those of Eng- 
land, 2. 

Mineral springs of Bath and 
Cheltenham, analysis of them, 
150. 

Mineral veins, 59 ; general pheno- 
mena and character of, 60, 61 ; 
rocks in which they are found, 
and the probable manner in which 
tney are filled up, 65. 

Mines of foreign couiitries, 63. 

Miocene, 283. 

Mocha stone, 283. 

Molasse, 283. 

Molecules, 283. 

Mollusca, 283. 



Monocotyledonow, 283. 

Mountain cork, 283. 

Mountain limestone, 195, 283 ; 
extent of in England and Ireland, 
196; scenery of, 197; caverns 
in, 198 ; subterranean rivers in, 
199 ; minerals contained in, 200 ; 
organic remains of, 201 ; copious 
springs afforded by, 202. 

Mountain ranges, character and 
origin of, 13, 19. 

Muschelkalk, 283. 

Naphtha, 283. 

Natron, 283. 

Newer Tertiary, or Pliocene, 83. 

New Eed Sandstone, 151 ; caverns 
in, at Nottingham, and other 
places, 152 ; agricultural cha- 
racter of, 155 ; fossil remains of, 

157. 
Niagara, Ealls of, 50. 
Nickel, 284. 
Nitrates, 283. 
Nitre, 283. 
Nitrogen, 284. 
Norwich Crag, extent and character 

of, 83 ; organic remains in, 83, 

84. 
Nucleus, 284. 

Obsidian, 284. 

Old Bed Sandstone, 202, 284. 

Onyx, 284. 

Ooute, or Koe-stonc, 284. 

Oolitic system, 115. 

Opal, 284. 

Oreston Cave, fossil remains in, 26. 

Organic remains, 285. 

Osseous breccia, 285. 

Outliers, 285 ; how produced, S3. 

Oxford clay, 122. 

Oxides, 285. 

Oxygen, 285. 

Pachydermata, 285. 
Palaeontology, 285. 
Palaeozoic rocks, 161. 
Palladium, 285. 
Parian marble, 285. 
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Paris basin, immenae qaantity of 
fossil bones of extinct animals 
found in, 82. 
Paveland Cave, Swansea, 26. 
Pelagian, 286. 
Penrnyn slate qnarries, 217> 
Pentelic marble, 286. 
Peroxides, 286. 

Petroleum, or mineral tar, 286. 
Phosphates, 286. 
Pipe-clay, 286. 
Pisolite, 286. 
Pitch stone, 286. 

Plastic clay, 93, 286 ; potter's clay 
contained in, 93 ; sands and clay 
of, in the Isle of Wight, 96. 
Platinum, 286. 
Plesiosaurus, 146, 286. 
Pliocene, 286. 
Plumbago, 286. 
Plutonic rocks, 14, 286. 
Plymouth Cave, fossil remains in, 
26. 

Porcelain clay, 287. 
Porphyry, 287. 

Portland stone, 117) 287 ; quarries 
of, 117. 

Potash, 287. 

Potter's clay, 287. 

Primary stratified rocks, 216. 

Primitive limestone, 287. 

Pudding stone, 287. 

Pumice, 287. 

Purbeck beds, 114; limestone, 287 ; 
marble, 114. 

Puzzuolana, 287. 

Pyrites, 287. 

Quartz, 288. 

Quartz rocks, 217 ; gold found in 

those of Brazil and California, 

218. 
Quicksilver, 288. 

Bain water, what portion of it is 
drained from the land by rivers, 
49. 

Eaised beaches, 37. 

Uealgar, 288. 

Red Marl, 288. 

Hcddle, 288. 



Rhone, effect of the waters of, in 
filling up the Lake of (Geneva, 43. 

Bocks unstratified, igneous origin 
of, 14. 

Eock salt, 152 ; of Namptwich and 
Northwich, 152 ; section of the 
strata sunk through at the latter 
place, 153. 

Eotten stone, 288. 

Ruby, oriental, 288. 

Sahara Desert, beneficial effectof, on 

the climate of Western £nrope, 

34. 
Salisbury Crags, 18. 
Salt, common, 288. 
Sappliire, 290. 
Satin spar, 290. 
Saurians, 290. 
Scar limestone, 194. 
Schist, 290. 
Schistose, 290. 
Schorl, 290. 
ScorisB, 291. 
Secondary rocks, 291. 
Sedimentary rocks, 291. 
Selenite, 291. 
Septaria, or cement stone of ihfi 

liondon day, 89, 291. 
Serpentine, 291. 
Shale, 292. 
Shingle, 292. 
Siberia, elephants' bones found in 

the gravd of, 25. 
Sidmouth, appearance of the diffii 

of the new red sandstone at 

that place, 151. 
Sienite, 292. 
SUex, 292. 
SiUca, 292. 
Silicates, 292. 
Siliceous, 292. 
SiUcified, 292. 
Silt, 292. 

Silurian system, 211. 
Silver, 292. 
Simple mineral, 293. 
Slate clay, 293. 
Smith, Dr. William, his geological 

discoveries, 23. 
^^^ ^touCj 293. 
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Soda, 293. 

Sodium, 293. 

Solfatara, 293. 

Spar, 293. 

Specular iron, 298. 

Springs, their origin, causes which 
affect the quantity of water they 
discharge, 51 ; copious ones of 
Holywell and Cheddar, 52 ; in- 
termitting, cause of explained, 53. 

Stalactite, 293. 

Stalagmite, 294. 

Steatite, 294. 

Stone-coal, 294. 

Stonesfield slate, 127. 

Strabo, his observations on geo- 
logical changes, 46. 

Strata, immense quantity of or- 
ganic remains they contain, 11 ; 
elevation of, 11 ; manner of their 
deposition, 12 ; order and super- 
position of those of England, 20; 
partial derangement of, 22 ; dis- 
tinguishing characters of, 23. 

Stratified, 294. 

Stratum, 294. 

Strike of strata, 294. 

Sulphur, 294. 

Superficial, or alluvial deposits, 73. 

Swine-stone, 294. 

Synclinal axis of mountains, 294. 

Talc, 295. 

Talus, 295. 

Tellurium, 295. 

Temperature of the earth, observed 

increase of, in sinking wells and 

mines, 57* 



Tertiary strata, 81, 295; organic 
remains in, 81, 82 ; extent of 
these strata on the old continent, 
82; of Italy and Sicily, 99; of 
the Paris Basin, 99. 

Testacea, 295. 

IHn, 295. 

Toad-stone of Derbyshire, 18, 296. 

Topaz, 296. 

Tourmaline, 296. 

Trachyte, 296. 

Transported blocks, or boulders, 77. 

Trap rocks, 296 ; changes effected 
by, 14. 

Travertine, 297. 

Tripoli, 297. 

CJnstratified rocks, 222; cause of 
their different appearance and 
internal arrangement, 223. 

Upper oolite, 117. 

Valleys of denudation, 81, 

Veins, 297. 

Volcanoes, force and products oi^ 1 6. 

Watt, Mr. Gregory, his experiments 
upon the effect of cooling of rocks 
from a fused mass, 223. 

Wealden clay, 110, 111; forma- 
tion, 110. 

Wenlock limestone, organic n* 
mains of, 213. 

Zeolites, 298. 
Zinc, 298. 
5ioophytes, 298. 
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